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ELEMENT 

(57)Abstract 

PROBLEM TO BE SOLVED: To improve thermal stability and 
improve long-term reliability by allowing a crystal growth 
control layer to contain a compound with a specific element, 
setting the film thickness of an underlying crystal layer to a 
specified value or less, and setting the roughness of the 
interface between the crystal growth control layer and a 
functional layer to a specific value or less. 
SOLUTION: A functional layer 3 consisting of the lamination 
film of a plurality of functional thin film 3a, 3b,... is provided 
on the underlying crystal layer 1 via a crystal growth control 
layer 2. They are the basic elements of a lamination thin-film 
functional device 4. The film thickness of the crystal layer 1 
is set to 1 5 nm or less. A crystal particle diameter needs to 
be maintained to be small to control the size of the crystal 
particle 3 in the crystal layer 1 . The crystal growth control 
layer 2 that is formed on the crystal layer 1 is composed by a 
layer containing a compound between at least one element 
out of the component elements of the crystal layer 1 and at 
least one type of element that is selected from oxygen, 

nitrogen, fluorine, boron, and sulfur. The film thickness of the crystal growth control layer 2 
preferably ranges from 0.2 to 2 nm. Also, the roughness of the interface between the crystal growth 
control layer 2 and the functional layer 3 should be set to 1 .5 nm or less. 
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[00 68] ft^fi. E±mmja«3a^ (GMR) S:* 
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*U 58E^#tt^-(k^ (*S B a B J&ll^« t k9±S5^) S 

* ^-r-g. c: fc . TmvmmmiffieMa 
iTJiioa^a^/j^o. n, c. f, b, sa> 

[0069] ttAAAMflUI 2 fcttttW 3 1 7 

1 . 5 nmJ3lTi:-^4fc«)t:, TM*MW1 
iS^rBD i«t & i fc t, fiST-S) & # , i^ B B H j£ft*iJ1iP 

jb 2 e «5^T*6teSJi i *fficoiafl *m#>h ztizx-o 
zt^m&^i^mnm&zwsb&zbizii-ox . m 

ABl kftA*fi«yilMi2fc<o*li97^J: 9/Jv3< 
Sri. 

[0070JJJELfc.k5 fettAJftAftKIMf 2 co«8«g 

±Tcom i . 3 fiott^Tc^j; *) ac^*a*«^s 

O. N, C. F, B££tfS^&8i£h.*4'&<£l>l 

<r>m) izx mik&£Mmm 2 -r t-c. ± 0 
*mrw t» 6 i k **r s & . t& ajasm «• 2 fc «ngv 



[0071] *«BHanrcv^a rwi?7*Xj 

&AJB 1 b ttA£JElH9MI 2 1 <t>#® 7 7 £ . 4 

l 2 utsAttJiMWf 2 fc «stgjB 3 1 co&m 

[0072] tSA&£ttttH2 £ttOT3 fc<Oftifi77 

?-f7°A: Co-Fe (3nm)/Cu (3nm)/ 
Co — F e (2nm)/Ir-Mn (5. 5nm) : 

Co-Fe (3nm)/Cu (3nm)/ 
(2am) / \ t — Mn (Snm) ; 
Co-Fe ( 1 n m ) /C u ( 2 . 5 n 
m) /Co-Fe ( 2nm) /I r-Mn ( 1 2nm) 

4MR36ftJfW3*flS***l 
[00733 
[*1] 



*-Y7"B 

Co-Fe 





A 


A 


A 


8 


B 


A 


A 


A 


A 


c 


C 


m&i&mmmvwtx (no 


0. 2 


0. 5 


0. 8 


1. 5 


2. 8 


0. 5 


1. 0 


1. 4 


0. 8 


0. 8 


1. 5 


ltl/t&WHl0fti?7** (m) 


2. 4 


1. 0 


LOOT 


LOOT 


LOOT 


2. 4 


1. 8 


1. 3 


LOOT 


1. 6 


LOOT 


jmmwmmmx (no 


2. 6 


1. 8 


1. 7 


1. 0 


1. 0 


3. 0 


2. 8 


2. 8 


1. 8 


1. 3 


1. 4 
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~2 


-2 


-1 


-1 


-2 


-2 


-2 


-2 




-10 
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10-20 


10-20 


10-25 


15-50 


15-40 


10-35 


10-25 


10-20 


10-35 


8-20 
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O 


O 


O 


O 


O 


O 


X 


X 




X 


X 


X 


O 


o 


X 


X 


X 


O 


O 


O 


OttfiWWOt lhVlfc*»(as-d<*cO) 


0.83 


0.97 


a 99 


0.97 


0.86 


0.85 


a 88 


1. OS 


0.99 


0.88 


0.96 
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o 


O 


X 


X 


X 


O 


O 


X 


O 


c f. 




X1R4 


«8 






JQffi6 




nm 


ttJUO 







ft 1 »i!>qit>ip%X r> fc. ttAftftMflMI 2 MRU 3 

t <7)%m=7 7 *< 1 . 5 n mfilTOStefcli , ffiflfc 
IBJ»tt3&«»<»ilTV^* 4 fe. 1. 5nm 

7^x^T«&S B a B « 1 i:Jgo s B ^*SfJffl)82 t^S 



[O07 51 ^it. Tt^^sS 1 ±(3ttAl££MflMI 
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m i «&tMMs«>*s zs&agknmftKi: *mmm s ojs 
m 1 ommm aoBwa*wKc*v*fc . Ti» a B a 1 

-JI 1 ^SlifiKf&I 3<7)%iikf&-&lZ+MZK\&Z tl% 
< & 0 . TJffliAJI 1 OfflHC J: i>mmm 3 WMJaJfcft 

[00763 J: 3 m&m3<r>o-h<7>%, 
1 ^HtflSHR 3 a (4Mm3 0 n m&TcO*i§,P H Jf £ i 

mtm 3 com i comtm m 3 a atsAft&oiMif 

mzftozt ifiV * . IAV %T <£ £ *UC« LTISft <b 

mmm 3-£ft<vi£ih®.-M : z®w^&z t if^&t%h . 
a ^anti. thusm 1 1 mm 3 ( mzm 1 o&ng 

i!3a) kjWSWfrf 4 ¥ttzWm 
fc#S> . £ 6 Ktt . TtftS B B B il 1 i: flSfEJf 3 Jft 1 

<ofln»m 3 a t {4Pi t*sft«jt^»*> . sssoieis] t 

[0 0 77 3 J^L/cidt;:. T®8iikmibmmm3 

t<?>mzi&gkfiL£k%iwm2i:mtz<tMz. TimsM 
1 <orw* 1 5 n mjaTk u , $ t>izmaatxmmm 2 

fc«ffigJB3fc<9.?fBI5 7**£ 1 - 5nm&T4:-r&.r 
fc fc: J: -?T . TifiJSJMi l 0>ttiftJfi*£— SjM>t . 01 

uzTm&iya 1 «o*&*K*W;itf¥^JH^-c3 o 

n m&Tfc ^ 3 <t 3 (Cjv& < «0£ 1 6 fc ftfc. 
^co J: 3 bTtmSM l ^&IIri£«cotf $8£fc*£«gtBJi 

[ 0 0 7 8 3 «o T . MttV 3 Ott^ibidttfi AAlltl 

W2fc^lST^3*i6£fcfcJ:0«KWS*U 

^rtgt^&., >i<7)j:3^. mmm3cn&g'BftcDW*;<itz 
[00793 act:. tmM3&Bmxfflbsmi&t:irt 

[00803 ffi^«fii3a*«^$:*-r&^ttl^30A# 

Jin. -r**^ [smttM/ ^mrsm/mmm) 

n : ( 1 < n ) ] <rmk*tthWttmMm#Wf 



[0081 ] m^ffi&^*c93$5Bttttfc LTti. C 
o.Ni, Fe&ifOliffc&JR, Co-Fe^, Ni 
-Fe^f. Co-Ni^, Co-Ni-Fe^. 
N i -M n - S b^rt'co^^S^t^^ff ^>ft- 

[0082] im&tek LXIZ. Au, Ag. Cu. p 
d, Pt. Ru, Ir. Rh. Hf. Z r ifco^HStt 

m£tfim->b* . ^■mT^n^mizx iVHKgL&mJiu 

miZ 2 DUFF %JilTO»7n*5:SDi. & £ h T'^&TSSc 
[ 0 0 8 3 ] o 43ftBtt*UH&ttfr £ ^^51= 

fiBamn. mmmizmLXKmmmzmi. wast 
fmt.zmLfzmm.&mcomfttiiiM'U r^izx os» 

[0084] 3*KttJira^3$m^cr)«PBi$s-&s-^?a 

Ni-Fe/Cu/Ni-FeAHSm Fe/ 
Cr/Fe AJ3£?mZcb tfWTt>tli> . «JS^J^^f'J 

jBLfcasasisawRBfc^Tu. Ni-co-Fe/c 

u/N i -FeAHSfR. Co-Fe/Cu/Ni- 
FetebtfimWhtLZ. ttz. XVl//<.>V7mm:Wo 
mSmtifflRmb LT(±. Ni-Fe/Cu/Ni-F 
e/Fe-Mn. Ni-Fe/Co/Cu/Co/Ni 
-Fe/Fe-Mn, Co-Fe/Cu/Co-Fe/ 
I r-Mn&k'#W£>ixl>. 

[0085] **^bo nuimmieT > u*nz&\ \x 

«. M54LfeJ:3fc:. HWtfl 5nmOT (Jff*t<t4 
0. 2nmJiLh) WTiHSlSJUi 1±C» flIS 0 . 2-2 

jf2±fc:jbj*Lfcj: o %im&m]m®m£ttz>Wim. 

M3 

[0086] Tflfissaam. A V 7T«6±tc»jw- 

a . Ti. C rtcb^mi^crm^m,^. C o Z r N 

b, CoZrTa, C o B^rk'iOT^/U^ r *£Jg. S 
i Ox. A l 2 0 3 ^:i;OT : e^7r^.i?{L^i:2:fflv^ 

[0087] tti. TifitfiAV 1 t LTti, «#g®3c0 
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SS£UV mttf. 1ISI3J:LTCo/Cu/CoA 
XtS^K^N i-Co-Fe/Cu/Ni-Fe, Ni 
-Fe/Cu/N i -Fe/Fe-Mn. Co-Fe/ 
Cu/Co-Fe/I r-Mn^fc-c7)B5mStfi3»*JK5r 
«S#g/I3£DSii510*f)BI3al±f ccflfii£ 
¥r>tz&>. TW£&m 1 k LTIJFeW i-Fe^ 
N i -Co-Fe^irfcOtfCf c cfi!iS$:^ 

f^S^i-£iffij£c9i<0£JBM£C:k##a U^. 

[0088] ISM3tUFe/Cr/FeA 

Jf 3C0S&l<OfDK3atibc c^JtSr^-Pfcto. Ti&S 
Ml k LTliFe^N i -Fe^ Ni-Co-F 
e-£&3rkV>*T'b c c^itSr^t&l^i^r&fflJRO 
t^£JB^-&<Ik##;feUK T«Ltea*lt±«ft£Jl3 
^ 1 <mWk 3ai f&^S-^ W±\ 3& l Oil 3 a ifi 
fee filit^Wo^^fcTtft^ail 1 k LX b c c fitit 

[0089] t&Aj&JEMtMi 2ii. rmmsM i <o8§j£ 
f, BiJitxsa^sifcms i«*fctt2«a±*>7c* 

fctftffc&ftfc-^trJiT**. WiHf, TflM&fliJl 1 A*N 
i tf>*£\ «Aj£A«iJ«UB 2 eoMcM LTliN i fci 

2cr>Mtemt 1/CttN i - Fe^, N i <r>mm. F 
e <OBMI3fa;A>&4f A3 *U 2 0 flFFXELbft* F e cr>mt 

mx'fo&mtfmft>tL&. t«bjmii**co-n i-a- 
&cot§&. &&f8.mmm 2nsumb lxuc o - n 

o ■tt&&ia±* f c o ^>nKh4ircj& s « aw h n & . $ 

fefcJMOHkUT. TftftlWi 1 **N I -Co-Fe^ 
&*>*g\ ttftft&MWI 2 « F e wMflSBj. C o OS? 
AS*. C o Bfc^*±&»jftWftk-*-*J»«l«f 

5 . JiS&Lfc i "J £8£f£Jl 3 *qttM&&ft£Mffi&4r*- 

nrccoai^Haa < nmsM. > & ^ k a*rf* a . 
AttWfcii* mmm3 1 Lxnmsmtmzkmftnftm 

icSB-r £ M RSEflSPOiKT «r««!f * £ k A^tt k * 
^SrltftfiClk^-C**. 

[00903 JJcei. 8^3A«^«tgS:*-$-&*-&?> 
tWi»HHi«T>''<-f *4*>**WWrai«fc:ov vc»* 

6. iO*&<0»ttfl3fcLTJ±, Ag, Cu, A 1 , 

Cr, Zr, N b *ZtJ>t>Ml£tl.&'J?% < k fc 1 S<0^ 



mm (mm&m®nmmm) %:i?#mv>t>ti&. 
o tcwm<r>mm ittwHfcKfciwM-r* ztizx^ 

X . SmStiitfOfiT^ k"SrW*J-r « £ k & . 

[0091] sfc^sratfMKSKffifiiaE^tctJ^Tti. a 

ftM«JB»JJB<o«)IKs>»B<0[!niat*ft.J: 9TJ1 « 
»««tf>»Wtf5BIi5 J: 0 /h? < -T 4 i k *«"C § * . 

B B B j£JI3iiJffl»i?>ftBJi, ^£!n«ffil<o«JfJBI#Ii?) 
k*<0»*Tt> i < . KflBt^WRt^B tT»«fiWrif A 

ffiMtjisaBii-riik^ai**. mwitiz. 
$>&n<?>mmmz-frLx . mi^ttJi (wbg&jf) 
/*«tti/»2««tti (ttfliBHra) /RaisBfttJi 

kLfc-Xtw^TWift^ RMBHiW/* 1 tf«MW 

( ) 2 <o®«^i ( rat i * 

m) k LfcR^eyy^y^i^ftajnaaaawR 

% (Pli(fCoFe/Cu/CuFe/I rMn^Ir 
Mn/Co Fe/Cu/CuFe ) 5r^-fS%^. ^ 
jy&K&iJffliJf (KB) (i, ttfl:iiJffc:#AtfeflBft 

(CT^JfC o F e/KJI/C o F e/C u/C oFe/ 
IrMn, I rMn/CoFe/Cu/CoFe/KI 
/CoFe)*. K-ftEl*Jl*t3itAt7 , i*jt 
CoFe/Cu/CoFe/Kf/CoFe/I rM 
n, IrMn/CoFe/Kl/CoFe/Cu/Co 
F e ) fcirj&UWf ?S^«t)BI»*)SOTfl!>c0DflCl 

[0092]«t. JjLhaK8Ufc*J6^«0» 1 «»t=36» 

[0093] S-f , C o F e ^^O^tCii. C oCO 
ffl^S: 8 0-99 BPF%«oSHrt k "f « CI k L 

[0094] N i F e %&&<7)1&-&lzli* N i coHj££ 
7 0~9 5ST%^IEBIl*lk-r.S.^k* 1 fa^ L<, 8 0 
— 9 0 J^%<7)ffifflF*] k -t & Z. k *« $ h IZU £. L i "> . 
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[00 9 5] IrMnl^^&Cfj, I rC9fflfi£5: 

[0096] P t M n^&COtgrSlZii. P t cO*&fi££ 

[00 97] FeMnl^^-Cli. FeCOffifiSc?: 
4 0~6 0M^%colSfflrtfc-rSC:t*<II^L<. 5 0 

[0 0 9 8] Ni FeCo^Ot&Cli. Cocoffi 

[00993 CoZrNb^(0S#tli, CocOifi 

1 0S^%OMffll*Ii:-r-g,wi:!&sM^LV\ 

[0100] (mmmi) mmitsimLkizm 

fBnmiOTaytyyTMML^ * CD±teKJJ 2 n 
mgjg^N i -Fe-CoTHi/i£ffMUt. ifUCJg 
L/C, N i -Fe-Co^kFecOgHL^fcitfCo 
«K^$r±^B£S3gt-r^^ H B B B£^iJffl)SSr0. 8 
nmSKRItfe. 3 fete* i<0ttflftfi«liMI±fc:Co 
/(Cu/Co) 1 6cOAXfg^$rf^L/i. CoiJi 

[0101] (JfettWl ) %MH1 fcH«te, SHftfcS 
H«J:tOT5niii<0TaA77Tie»«L. 

_rJdBtJ52nmfIJgc9N i - F e -C oTtfiSS:«s!cL 
fc. ttwt, Co/ < Cu/Co) 1 6<7)Al*Si i £f£ 
Cot}J:UfCuOBWIi*<X-?*l.2nm, 2. 

[0102] ±Mm&M 1 *J J: Jfc«W 1 Tim LtzA 
JLWf-tSazfetL. Ztl^tLl X 1 0"«To r riggtfOX 
£efC2 4 0*CfcT, 2 0^. 6 0B5ISL lOO^S 
coaM&JlfcltUfc. H6I4HJBJ! 1 fcJtttfl 1 eoAlte 

0 6 frt>mm 1 teifcKflJ 1 teJt^T 3fc33£ttte@fxT 

[0 103] (SB»«2>SftBMkSi*«±fcA V 7T 
ilfc LTiWl 0 nm<OTaS«L. «Wtj|t»2 
n mgJgCDN i - F e Ttfe/f £Jgjft Lfc . .T ftte« L 
T» N i -Fe£^fcFeOBHB»fc±fc!IMilBBfc"$- 
««SAl£MI«PJB$r 0 . 6nm«*K»tfc. - 
tf*MMMWWI*±teN i-Fe (4nm)/Co (1 
n m ) /C u ( 2 . 5 n m ) /C o ( 1 n m ) /N i - 
Fe ( 4 nm) /Fe-Mn ( 1 6 nm) WXt^Ajl/ 
:/JR*«*U:. Zcr>±.lZl&m5nmmS£c?>Ta 
«Wft£#JftLfc. WBTEMKJ:iW(W)*SJ|l. 
t7?7h fe*lT V ^ 4 i k frTOS 1\ti . 

[0104] (jtisM2 > mtoM2t¥imz. frnns 

iSSil:^'y7rIkUi«10nm£0TalM 
$IU »iT«f 2 nmg««5N 1 -F eTiW^Jftft 

US. ffiWt. Ni-Fe ( 6 nm) /Co (lnm) 



/Cu (2. 5nm) /Co (lnm) /Ni-Fe 
(4 nm) /Fe-M n ( 1 6 nm) C75A tvA/UTlg 

RfcJBfcLfc. KBTEMteJ:&flSnigaL Ni-F 
e/Fe-Mn <0*HOlHfl^»ft:*S I * ( RJ»fl*l 
T-l. 5nm^®i.5 ) Z btfmWLfz . 
[0105] ±smmm2&J:VimM2X'imLt:X 
ey^WiCStL. ^ix-Wll x l 0" f To r rW£ 
*>Kffi+-C2 4 0-Clct 5 0^rH*)JR«l£iSLfc. 0 
7 JiUJfeCT 2 fc it^J 2 a)* t V ) *tV79k ( KW* 3 
ffl) <0MR3Bft»*SLfefc<0-C»*. 07 
2 teitSfcfiaJ 2 teJt^T SBScffittt fth.T 

[0 106] <H*0g3~7) »lMifc«W3~4> 
TArt-r9 (AljOjtTiCt^f*)!^:^ 
SR^nmOAlO.IMMfcJBjftU *<0±ty^7 
rJf fc L-TKJ15 nmOT^^r^C o-Zr-Nb 
■ *jfiRLfc. NiFeTflWfc#j£U:. N 

i FeTtt««0HWil nm . 2 nm (H 

ttM4 ).5nm (Xtfcft5 ) . lOnm (90101 
6K 1 5nm (H«|«7 ) . 20nm (Jfc«W3 ) , 
30 nm (M3«0!4) fc Lfc. iiltftU, Ni-F 
etNi OtMUffei} <fctfF eOlM3M£:-frtr1SJfclftJiM 
WJfSrO. 5nmSKR»7fc. Sfete. £OttAl££M 
fflUf-hteC o-Fe ( 3 nm) /Cu ( 3 nm) /C o 
-Fe ( 2 nm) /I r-Mn ( 1 . SnrnJiOXbTy 
></U7*R*««U -?"i0±lC^Jf 5nmIgEOTaffig 

[0107] (mmms > umsmmA^wc m& 

[0108] <Jt»«5) T^-y^aHSLbfcffSaju 
nm«0A 1 OxIMWifrjBjftU ^±ky<7 7rit 
LT^JS5 nmODT^E/l^rXCo-Z r-Nbf^ 
JRLfc. «WC\ fS2nmg««Ni FeTWI«B 
JSU £feteili(tTCo-Fe (3nm)/Cu (3n 
m)/Co-Fe (2nra) /I r-Mn (5. 5n 
m ) OX b" y;<J\s7mt:Bf8i L . *0±CliJ¥ 5nmg 

[0 1 09 3 BJfMTEM (transmission electron micr 
oscopy) (=J:£fH«0tiA. JtHWlS^ew^TW 
Ni-Fe *^±gf£0C o-Fe i-CjUtLfctl 
flt-S**^S5Sil. Co-Fe/I r-Mnfl r-Mn 

T'l. 5nm^xS) ZbtPfWRLtii. ? fete, AF 

<a. R« a ,T'^2. 2 — 2. 5 nmX°& &Zbi)mm2 

tut. imm5c?)xt'yjwym<?>QEttih%Lm£i 5~ 

5 0 nmm&X'$>-?fz. 

[0110] ZtilziiLX, 9Qffl4*9mm80)X\Z 
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(DC o - F e /C u^ffi{i^«(C¥»T$> 0 . Btff^ff] 
<0#D87 7^X(il nmtlT (0. 5nmSS)T'ibS 

£ k aots *ut . mmnwait a f Ma**- r 

.«,T*H. 3nm«Btt? , **il:36«IIB*#lfe. **t 
M4Tli. T*ISft«f5tti!WStaai2— 1 0 nmgJK, 
>lt:v/^7Ra&Rflfft&(i 10-20 nmfiflET* 

[oiii] utmme > r;^f -y^a«±(=»a*ju 

nmCOA 1 O x *fri*Jl. av^T-bvyxh^-^H* (F 
eAISi) 6»*L. $^:f?100nmgS«oa 
Sfc«r* -/^JS (AlOJ fcJEWUfc. <-*>_LO<-y 7 
rSi: LT8SJJ 5 nm<om7r^C o-Zr-Nb 
JifclftlRU I^-Cf$2nmi)gWN i FeTtfcJISr 
#j£Ufc. iiltSfUT, Ni— FefcNi cogtftifofc 
itXF e <BBtflM£*ttttAJftM!lWf b 0 . lnmg 
&R(t&. Sfcfc, £<Z*fljfc5W«Ui-hfc:Co-Fe 
(3nm)/Cu ( 3 n m ) /C o - F e (2nm)/ 
Ir-Mn(5. 5 nm) cOXe^/t-rffilSr^JifcU 
•?-C0±lwffii5 5 n mW£C0T a^lll: »»tfc. BfrMT 

tt. C o-Fe/ I r-Mn#ffic0C£ICi^^O (BUS 

[01123 ) T/t^-y ?*#LLW5£&j" 

C0A1 O x |gil*0L ^V>T-b>r^h^-^h' ( F e A 

1 S i ) , $ t>izm% 1 0 0 n mSJScOSgm^ 

■vvTHS (Al O x ) SrJglRtJt. ^±CA' 7 7rl 
k LTBUI5 nm»7t;P7TXC o-Zr-NbJI£ 
AMU »»T«* 2 nmi*«N i F eT*i*B* 

Lfc, iilfc*L-C. Ni-FetNicOK-fC^fcit/ 

f ev>mmz-£ts®i&f&.mmm$: 1 . 4 nm^jgis 

ftfc. Sfct, i^ftjRWWflWUilCCo-Fe (3 
nm)/Cu (3nm)/Co-Fe (2nm)/Ir 
-Mn (5. 5nm) cOXtW^rBt^ffcU 
±t«»5 nme*<0Ta*»iltlSWtfc. 
[0 1133 KIBTEMCiiWSWaS*. Slffl50!l9CO 

JlSSrl. 4nmSJStS< U^Sfcft^ Co-Fe 

tin mHT ) -1 1 $ 

[01143 (Hj5fc<?Jl 0 ) TA^-y^MRJttJPSR 
junmCOA 1 O x SfiMyf .. JiViT-te h i/— IVY 

( F e A 1 S i ) $ t>lzm$ 10 0 nmgl 

OBSl^-yrM ( A 1 O, ) SrJBlftLfc. *<0±(cA 
77rlt LTffiiJf 5 nmC7)Taafc«J;l/ffi|/*5 nmcT) 
T^l^rXCo-Z r-NbJf£l£ffi?U «vvc*S 
2nmSS^NiFeTilS:«L/;. £*KC£L 
X . Ni-FetNi OSMtfe*? «t^F e <7)8Hfc!Bj£"& 



trt«ft«*«l«UI* 0 . 8nma9»WS. Sfcfc. - 
**fl(8*W1Wi±£C o-Fe (3nra)/Cu (3 
nm)/Co-Fe (2nm)/I r-Mn (5. 5n 
m) <axtrw'<;u:rjR£jgj£U ^«o±(c;JK)1 5 nm« 

[01153 BriffrEM*cJ:&l!SSW>fS*. SdtHi o 

^ty^ItliCo-Fe/I r-Mn»Cfl 

TBUI5 nmOTaf £BU? 5 nm»7t;l'7r^C o 
-Zr-NbJf&fgtt. * i»^=t»Aj£MI«MB^>9$ * 
0. 8nmSKi:JS< UTV^fcft. RcVWtttJMSrtlF 

[01163 act:. JJELfc3Sit093~l OfelT/Jt® 

«3— 6«#^trwoumt#tt» ami xio 

" 6 To r r*Sg<DK£tF-C2 4 0'Cl:rC 1 0 0 B* f§J<0Sft 
H8ttHtt«4. J«SW8isJ:tfJt«0l 
5 cox tTV-KyloTRfOM R^b*OT--^^iatte^tt 
SrS^L^rfe cOT'S>& . M RStffc*fiJ£&« l n$ltfiagco 
P i nne d T-— >H£cOM R^-fL^ (-f-y-vMR 

4 . 8lUt«W5«cifc^Tr=-;KiJ: ittttSttb^ 

[0 117] Sfcfc. 09{i2 7 0-CT'l 0 O^fS^ 

4.H9*»feBHi*»*±afc. TasttfiJiOBWa* 1 5 
n mii&jL t> t MRSMW^Wi^fl:****^* < & 
-jTV^iiWS. 01 OttiWBS^flj&^Sv^ 
it«PJ6 1 . J&ftffiOBDiW/jsS V^dt0«4 . 9 . 10 

XV^ 0 T— — ;Hi2 7 O-CTl 0 0B#SS£L7t. Sltfe 
«4. 9. 1 OTIiWffi&fta^SK. JBScJfetttcfth. 
TV^dk*^*^. 4fc. 2 7 0T:-C1 0 0«HBHR» 
af^RH/t— r (MR4$tt) fctJ^Tt>. *tSflf"J4. 

l ocoxt WN';^M(iJt«M6 t=Jt^T««ftWr«aE 
*3&*/hS < . fl&Kfc M R#ttS-* LT V ^ C k j6*ihb» 

t. HI 1> H12isJ:l/iai3i±StEltW4v 10.it 
KP) 6 OR H;L— 7*T'3b ■& . 

[0118] (ISSfiW 1 1 ) «ilS^S i S^Ji^N'-y 7 
rJlk UTBD51 0 nmWt^r^Co-Zr-N 
bmZfmL, m->XmZ I OnmgS<0Ni-FeT 
ifiJife»«t/S. £*U£J8LT. Ni-FetNiCOS 

4t*ii3 it/ f e n&imt'&u&ikjs.miwmz 1 . 5 

nmSKRWi. ?^>t=. i^»Sftlfi*«HIWI±K:C o 

-Fe ( 1 Onm) /Cu (lOnm) /Co-Fe 
(10nm)/I r-Mn ( 1 0 nm) COX tyA;t-:7* 
UI*»lftL. -eco±l=KJ51 OnmSJ^cOTa^affilSr 

[0 119] <Jfc«W7) imttSimLk^vyr 
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Mb 0 nmfOTt/^TXCo-Z r-Nb 

m£f$.mL. Wt^XmZl OnmgSOTi-FeTt 
m*&f&Ltz. S^t-. Co-Fe (10nm)/Cu 
(lOnm) /Co-Fe (10ni)/Ir-Mn 

( lonm) ^ti^vvymimwLL , -toXtlcRJS 

1 0 nmggWTafi^JKSrl&Wi. 

[0120] ztit>mmmi ns£xfimmicn>xv> 

fc. *<O&3I£014 (HJS0U 1 ) fcitfiai 5 (Jt 
$fc#j7 ) CieSWicSrr. JVb!&ffl7 (015) -CtiT* 

eofc»U SStfe0»l 1 1 (121 4) -CiitiJM&iOttJl 

( ±t<7) ji x o a -> ar v mkvsji > 

( c: i Tiitttt**>« t &arf h ) « , flJttM 7 Ttt 1 
5-5 Onm, Xttftll 1 T'tiTifefcyi/f . XfVA^ 
!/W («MW) T*it**t5~l 5nnu 10— 3 On 
mSBfCfcofc, ifc, Jttt«7*WiCo-Fe/I r 
— M n fliffiOlfflfl**** < . KBSfrrtlfc: 1 • 5 n m £]H 

tiico-Fe/ir-Mn ^mimm^mx-h K) . 

MJP*l»lff5a*a9(il nmfilT(0. 5nmgj£)T'£> 

[0121] <JCt=, dn^HMWl lfc£tfJ±tS$IJ7 0 
^X^y^-fmtZttt, Ztl^tll x 1 O-^To r r 
gJ£0)S£tf>T2 7 0-Cl;T 1 0 0B^e>£feBUl£:)jfeL 

t . ^jaatyf^) m RxiicmtmM/i 2 ax ttymm 2 
t x < wzmhn\ w^ti. mmm 1 1 im&E&G. 

[0122] ztihmmmwmmm 1 1 *> xmt*m 

Wg-t&tzMZ^ FE (field emission) -TEMCi 

ommmvms&ftmz'^tz. m&ftmmmt>fotz. 

&mc?>&mtt%:}iXl> : &m<F>im*&$i%:t"cr>2 5 — 3 
OjSWJMfrjKtcWL-CfT-?*:. l&fcfr#o±UcST£>«? 
«<0A/-fr<yb@ti#?7l nmX'h&. Ill 6l;:ggj&6#yi 1 
*5 X Vimm 7 (?>ttffif8jtmc07cm7 o 7 r -f )V £5* 
•*\ ftl^]7^Xtr>v^:/JBIT'J±C uIOlJK+*S8 
3&>^2 0-4 0Jl^%<?)Co7cfi* { ^ai$tL^. 

l l ^Xb'^A/l^&^fcVvcy:. C uTHM n 

t> 4 - 8 mFt%<F> M n 76*7^'^^ $ ilfc . 
[0123] JJLt<&*S**»&. 1 1 IZ&MMUZ 

Jt^T BfteXMSltZtt LT«<ifeffR3cSltt LT £ 

[0124] (StEttM 1 2 ) ffSfefcS i *«_LfcA -v 7 
rJtfc LTJMS5 nmcDTaJl&jfc&U awcffS 1 
Onmg0&3Ni-FeT«Ui£»lftLfc. 
T. N 1-FefcNiOlMfcttfcitfFeOlMfctt** 



^B B B fi£**IJffll«±CCo-Fe (lnm)/Cu 
{ 2 . 5 n m ) /C o-Fe { 2 n m ) /I r-Mn 
( 1 2 nm) nx^/^ymifSAL. fWlCif 
5 nmg*OTafliWlt£K»tfc. 
[0125] (Jt«CT8 ) gfcBtftS i fflBLtfcK? 7 r 
Jit LXmm5nm<DTa.m*fcmL. ft^TffSlO 
nmS*<0N i - FeT«ii»)ftl-fc. § fcfc, Co 
-Fe (lnm)Cu (2. 5nm)/Co-Fe (2 
nm) /I r-Mn ( 1 2nm) CDX\Zy/-\>l--fm£& 
*U **>±tCBW5 nm^COTa»gJSI£t£{t£. 
[0126] ^ix^HSt^l 2fcJ:l>'J±«^iJ8<7)Xt>' 
^^urBKCoif^T. BfBTEMtiOBOBfHSWKL 
fc. -eo*SJIi£0l 7 (HSfcffll 2 ) fcilXHl 8 (it 

wp\8 ) izm&mzni-r. tmms (mi a) xim®. 

*>fc**U ISJMH 2 (HI 7 ) Ttt&A&JtMflPJl 

il^ ( ^AOttJWTOGB ) tfc-a TV ^ i t AW 
3 ft*:. ifc. JtRW8TtiCo-Fe/I r-Mn* 

■th<r,{znh. JIS601J1 2T'(±Co-Fe/I r-Mn 
*ll«l^^*fc:¥»-C* *) , HJ**(in^ 0 h> *3 tt 1 n mm 
T(0. 5nmfift) T*4ii:3WIB$*ifc. 
[0127] Hifi^Jl 2*3±t^J:t«»9IJ8e0Xb-WN";Uy 
Hlt-oWC . a s - d e P o . «SrCMR3(Eft** j*t 

la:. <x^x\ mmmi luxuimmi^^y^ 

?\s7mt,ZttL. ^^1 X 1 0" 6 To r rSflt^JK 
Jt. ^^f^OMR^-fb^ti, a s - d e p o4t®OM 

R36ft**a«fcfc lt . mmm i ix-\±a%. imms 

X'ii 2 4 %ti£T Lit . mmm l 2 (iibS^J 8 CJt^TSft 

[01283 ztihmmtknmmm 12.&X i/imm 

FE-TEMfcJ:«3BIHiffi^>a)**Wt 
tfofc. ±SBCo-Fe« (Cult I r 

-MnltCR^Co-Fel) h C u Jg<50 2il(2 
ovvCff^. PJBB(cTtf**l*ltjj5i4i-»*tf-5fc. 01 

WjjSfcST St^^iK? 1 nm"CA*36«, 

[O129J02 0i3 Xtm2 1 C9EtKM 1 2iO±=5:« 

Jt«fif||8«^ey/</U7WT«. Co-FeiM4- 
1 Om^cON i 7C** J (02 2 ) . CuiK2- 7 
JK^XeOM njc*** (02 3) ttffiSilfc. -T^*>, 
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NilflJCo-Fef ( 1 nm) fcit/Cul (2. 
5nm) Zm Y )MlT±mCo-F eJgiT'tfcfi LTfc 
0, MnJI?t;i±g?Co-FeJl ( 2nm> SrSJtOfg*. 

ifePJl 2C0^.l^WNVU7'IK^iJ\,'>TJi. CuIWMnjc 
f&±#Sfc^&< (02 1) . Co-FeJf*^{±Ni 

TtmimtAsiib'miiiZtiZfr-otz 020) . ciix^ 
[o 1 303 znx?^ itmmsT'iifmmizk&N 

i n <0W*^W£IW'M RS^cD 2 4%?) 

[0131] (HjfeWi 3, i4> simm±izmm2 

O OnmcOTt^TXA 1 O x Jf£7g&U J^T. 
HMfll 3: Ir-Mn(20nm)/Co-Fe (2 
nm)/KB/Ru (0. 8nm)/Co-Fe (1, 
5nm) /Cu ( 1 nm) /Co-Fe ( 1. lnm) 
/Ni-Fe (2 nm) m&M14 : I r-Mn ( 2 0 
nm) /Co-Fe (2nm)/Ru (0. 8nm)/ 
KI/Co-Fe (1. 5nm)/Cu (3nm)/C 
o-Fe (1. 5nm)/Ni-Fe ( 2 n m ) tf 
>"A>l^JK£ffMU -?-<7)±^]^55nmgjecOTa« 

[ o i 3 2 ] Kmiiteikis.gmwmx-h o . n 

iSfiajl 3£7)K)l{±CoCOKttfcJ:tJ f F eWStt?:* 
tf«(/f$l. 5nmSt) T&O.. SIM0IJ1 40KJ1 
JiRuiOS^ifSjSr-^tfS (SS 1. 5nmS^) T'ft 
6. dfi0HSS^13. ^tf^KV^riRli. Ir- 

fcBHfc 7 y -Jf £ JlJUMcKS LfciPlE«!K)^ t ■? 

[0 133] OH8W9) S iffl£±£)B&i¥2 0 0nin 
CTWtXA 1 O x B£JB«L. ISSWT I r-Mn 

( 2 0 nm) /Co-Fe ( 2 nm) /Ru ( 0 . 8 n 
m)/Co-Fe (1. 5nm)/Cu (3nm)/C 
o-Fe (1. 5 nm) /Ni-Fe (2nm)<7XXb* 
^^^MtJttfiL. *0±WKW5 n mg&cDT aft 

[0 1 34] Ztlt>m&mi 3, 14*>J;r>'Jt«^J9cO 

■^Jtk MR^« (2 70'Cx3h) /MR^-fb 

*<as-depo. )(±, ik®^j9 : 0 . 7 4 . Xlt 
#J 1 3 : 0 . 9 0. mmm 14:0. 8 8T'£> 0 . &tfc 
W 1 2 . 1 3IU»3c5ettt:flE#i-C^4i ktftmzti 



[0135]**:. *ti?tic?)Wm$:WWTEMXWm 

±JftCfattT*£<&5ffllWll.£>iX. Ir-Mn/C 
o-Fe#S(7>77^iil. 6nmgj£. Co-Fe 
/Cu^-B«07 7^{±2. 0 nmSJgT£>-3 7t. .lil 
KWLT. mmmi 38J:tfSlttWl 4TJ4I r-Mn 
/Co-Fe^lW7 7^1. 6 nm^^hJtSW 
8fc|5l&T&^*;#. Co-Fe/CuflI<077*X 
(±1. 2nm, 1. 3nmSfi/|^*>oy;„ CKTUd 
K . IS AJ&SMWI 5- tHfcRtf i k (c J: r> T . TJf A* 

[0 136] 2*. I r-Mn ( 2 0 nm) KfU.TP 
t-Mn (20nm) S"fflV^*^(Ci>. I^SrS!*** 

fcHSJWc*M«Ui*»Etr (Witf S i ffi£/A 1 O x / 
N i - Fe/C o — F e/C u/C o - F e /KJg/N 
i -Fe/Pt-Mn/Ta) .IktCiD. KJfcOTJl 

*>«beEiJ: o JJf^ffitafl^ffi«-r& ; k a^rs . 

N i -Fe/P t - M n WCfcltSS^ffllKtO 

[0137] $ fefcHfiWHfifik LTJi. S i SS/A 1 
O x /N i -Fe/C o -Fe/C u/C o-Fe/K 
Jf/Co-Fe/I r-Mn/ ( ifcJiP t -Mn ) / 
Ta^, Silt/AloyNi-Fe/Co-Fe 
/Cu/Co-Fe/Ki/Co-Fe/N i-Fe/ 
P t-Mn/Ta^k**^Stf <i>fL&. 

[0138] Jilt. *»W<o«SBW«*Tfc:ov^. * 
1 — * 1 4 SO*W*ffll* L-poSMH Lfc . -fS:*)^ . 15 

SgffiS 3 * S»*4 .1 k fc J: 9 . «ttJfeo*S*tt*««W 
ttWW-ft i k & . k LT . WlUino 

WKJiHT'cOK^tOffiBaattfcWPJ-f 4 - k * 4 T$ *fc 
ft. IRKffitt**«tnJiS-li-4ik35 f snek!Sr9. s 
MW^rff Wtt5rlSft4 i k A<T'# JK^SKd 

< . jRScjgttfcifiSifcGMRjRT-srsegi-ri ; k^* 

6. 

[0139] **J. ±*Lafc#§aMJMi. — «t=iiy 

[0140] *fHI«**$ ^tc&g<!0^W$:aSft 

[ 0 1 4 1 ] *-*\ jaTKK^&-Tl<Ott«JffiB0»» 
[0142] ±xBL*: «t o C. JK^tn3»*S^k LT 
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[0 1 43 3 -etT. ^«T«5«t5tSBEttBt 
OH»=l(Mt*» aflSft* JJMfctt. 
if<04*Mt^***HW»it«k UC*rtE$tf6£k*9t 
*&*l.TV>4 (»iPF10-6 5 2 32^fll«H) , 

kV>«S*tlr^fcfcJ:9#JftSft.4fctf>T*4. Zcr> 

)v?m±. » m r $zitm t ^mrn^h z m^tw^ ^ o k 

L."OHf*$*lXH4; 

[0 144] ZZ\X\ *»W#tfXMt(=J:*Uf. d«Dj: 

4fMWfeffl-5TV*4£k#*>a»-»fc. -rom^-RStSfcSl 
ft: J: "J . «?«>ff» S SrfrStfft < * 0 . MR 

[01 453 ffi^fE^^Jg* J ±#LTV^3Si£. 

MR*flflsfoiJi«>>fcy>fc:» AiMfc^ftS^RWflikU 
-Ctf-£;*-£& i k jF*MRSMfc#fc*lffi&tt k fcflHiW 

[0 1 46 3 LfrLt&k* *«W4M)$fe4*W5Sft: 

fcttftftikJIBN i OtfJ± 5*«ttlWtfllt*tii k*» 

-5-«0±C^L3tCo J $>Co-&&*>^^:f.3iffiffiJH 

[01473 xv>><)\,y'Wkzm£izm%mm%m^- 

<0**t=H*«ftfcM»»fe 0 £ T<r>m£ k £ CI k 
*U«r64vv&*. *tf5*«Ml36**&v^kiiail«i*t)* 

k&*&-£T'i>l 0Oe#TS*fc#P£4.Lkjfi( t HiL 

[0 1483 !35^(Ja>? A->-fe>y-f XwlH 
k «r 0 f»6 k BB»fc. fMtfW2£fcX0>#ttJKHk =5:4 - 
k*>£>, MiBrippmJaTSKft:Wi6Cifc36«fl4L 



X'li. i<0J:-p«^fefrt»fiS*4ik* t T'&^^ 

[0 1493 WitfAKTiftliwaiiHoeftaBfl: 
*S>*BS5rt'^<0WIH»A'Srk*fc:J: OJEflSUfcttttRSit 
V. S6CCttHR^r5XT»ffc*k*£afflLTJBJS 

KT*0. *<0aanfflS3W**<sSr4k^3railA«*) 
4 . ttf»it«li7C* Ik n mSJS^J?$ 4fc 
tf> . ^-co^ffiffi? * < Sr 4 k fwWEtfftMut 

[0 150] «ffiR»JiS:fflvvtXtwO^JH 

it (mttcowmmcrymm iz& v •> t & - 

iMktc.k'), ±9*#&MR»*«i|t*a*f»fcix4£ 
ktf£a6ftTVi&. L*»L&jF<->. 4ft3Kfcil*(c£3ft 
©lift £ ffl ^ § ? •< y<r>x f ^ <;U7KT<± . JHSF &m 
^RSflft* k A^Srtt^lBtWtt k fcpfcfc-f & R3£8fctt 

[01513 Wilf . ^» 3 5r!KMSI«^tt5r^'tI rM 
n. NiMn, FeMn^t'<7)tI5»MfflU^ 

j^r. mmmm/Kmmtimwx'(vn = FKm%)%£ 

»4ik*«Hik*4. — NiO, Fe 2 O 3 ^k"i0 

14?a#, 8tfl^JiWfia^*k*»jSTSWBfl3ifflltT' 
zcntztb. ft#*«FK»4$ttkft#*«fldS» 

[0 1 52 3 xt , WN*;P7"^5r>'N-F7-"'f^^ : 5r 
kV)S£ffltt«^«y Kfcfflv^ft*^, aK0EflAFJX<0ff 

jS^Wtr 4 * ( 131T. r 7 'J -Ji j k of * ) Og&Wffi-fk 
k&Wkeoa (1UT r Mst«j kofA) 5rT'^4/c'tt 

[0 153] LfrL&tfb. fC7y-lWMstfS: 

/h$ < vx k . mtmsmt op B i^tfK* 

t7'J -Jf^^b&it^ Lfc«SBt=-r 6 i k A { Sii k 
[0 154] iO|BJH*W»'t4fc»W*jfek LT. 5S 

-fts»is k l-c . ttKtz&mw&.ntz&&ztvtem i *j 

±t«»2«3ISSSttJllk. £020?)&E&14jy|&#8i-r& 
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[0 1 553 La>L3r#£>, iHfcyX-fef^^R 

%mz x z±z =Stm RaMk**»s £ fc « rare* * . 

[0 1 56 3 bCLZ>X\ ^tyA^IttUTIi, IS 

tt*«t=E«Lfc r wr- ^trw^yjRj fc<D2o 

*»<5»*i* J: 3 £LT*s< i is#<H£ U>. 
[0 1 573 U>>L5r#£>. VFRWa***^ 

l^dlSIHtfait. mzyV-MkLT. *§fcMR3Wfc 
^*i(c<<(Co-C^6. 7D-Jf?)Ms t«2vh 

[0 1 583 _k»LfcJ:3fc:, «*tf£«T*Jii:9HK 
tt « k mfilfc&Wfc^Wi £ tfifcR&ihfe J: 

[ o 1 5 9 3 taHoa^jJdE^satJiojttft 

[ 0 1 6 0 3 4fc. JMPSrtBflfiMPHrtti: . A*** 1 ? 
**0Pi3lb& f Hti:^r->TV^. 4fc. NiO, Fe 3 0 4 

arcti. ft^Raowftt^itiifc^rarpft^fc. 

[01613 £0) J: 5 ^tVA>/It't' 



[0 1 623 OT£P*Bi-&B^fcT^*f^ai^O 

[0 1 633 *J6W<0*2<OjWt«BtJ:*«ft 
ffitnSiS*^ (MRff) fc-^TBW*-*. 02 5 

ti. *^ C 7)S2||^©tc:*^&MR^ J J 1 05a5«j§ 

StfXhtc»«3ftfc. fl^Wfrif^fl-SttiWfcJOat 

fldErrtuwaw tt- * us i <m&m . v ^ & 7 y -jit* 
& . 8 1 coffittw 1 1 ±.izwm&*mm 1 2 £ ^ lt 

ft 2 COieSttS 1 3 tfMIS V \& . 
[0 1 6 4 3 HI 2 mats* 1 3li. *^)±t«JI»lftJJ 

il/c IrMn. PtMn, NiMn, FeM n^rfc'OR. 
Sltt^N i O, CoO. FesOs^i:'^^!:^ 

[0 1 6 53 iit. ^lOJSttSl H±CoFeJStt 
JfcD«(c#— ffffl&MfrbHMLZtiX v>T t ft< 4fc. 
N i F e/C o F efOailC : SjSJ^'ttJl* J »iiS^*S 

5 *ffiC(± Co^CoFeSfDCo ^^l£S t T *> & 
ZktfMt -ei0KJP(±0. 5nmJ3Lh*6ii:3& t 

[0 1 6 6 3 flSl*Jj:t«P2tf>B;tt«l 1 - 1 3fi. W 
itfCo-^Co^cOia^CoSr-t-tr. 3Sa;tt*> 
6V^4N i F e^5ji d if t J: OlffiSi? 

iX.S.Co^$rffi^i)ii:*^4Ll\ ;<0i^Co 
•^ttTti, CotCFe. Ni, Au. Ag. Cu, 
Pd. Pt. Ir.Rh.Ru.Os, Hf ^rt'cOlS 

±T. »ICFeailf/4fctiN i ktfUfi- L 

v->. mifcJ:tXm2<OE5 , tiJil 1 , 1 3<0KJ»i. 
tcMR^Lfi* {: ft^il. ■toortH'9>^7-*£>'/4 X<7M. 
^SrWWJLW* 1~3 0 amWffiiktJCM^L 

[0 1 67 3 ±34tfc«?ttJI 11.1 3Strie^:?ixS 
^W6tt«flBJil 2fc<±. Cu. Au. Ag, 

ii^>i:Ktt3cSi:Sr^tr^tt^. Pd, PttJiV 



• ft 
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tiHjiaE<ka«e*-HH:»* ztwrt-f. *fc 2 nm 

[0 168] _B*Lfc«ttJil 1, 13<Od 

*>„ ttfc? y-Jik 1 <r>m!&m 1 1 wi, f c 
(111) mm2i£hztt>w$i><. zti 

iz X 0 C o-££<oj£SC&#is J:tftt«MraeoiftLha*BI 
ft.4. £«J: 3 £«TttfcJfl 5kLTlif c 
cflWt**i-*AIBm. WiHTN i F e-&£. N i F 
e Co^, .lilfefcrTi, V, Cr, Mn, Zn, N 
b. Mo. Tc. Hf, Ta, W, R e momtifaZWi 
iDLTWSfcffcLfc^A. JftHi. Ta. Ti, Cr, 
Cu, Au, Ag. Ru. Rh. P d . Ir, PtRlf 

£*ifc*>££**Jl!i*4£k* < a*U*. 
[0 169 3 £3^4£k(cJ:9*«±fc:»*3*ufc1I 

4. *«*-ttf>±fc88ft**i.4»ttJi 1 1<0(111) 

tt*Sfc#*3SIM- 4 £ k tfiil*4 . 
[01 703 ifc. £:ft.^&JKTi1&<Z>Tfc:Hfc*«k<0 
flHittfcrtLkStf. **of c cMja*SB5gfl:3-£*fc*> 
iC, Ta. T i . C rf^tf^THi LT®C< £ k 
SISU%. ftttttfcUi, Ta/Cu, Ta/N i Fe. 
Ta/Au, Ta/Ru. Ta/Pd, Ta/Pt, T 
a/Ir, Ta/Agf , 2 JWAJt^1Wi1*e*TJftk 

[01711*fc, 7U-«<0tta»»*tt«rl*l±S^ 

<T4 fc*>*=Ji. 7 U 
fcnvbo— 4.Ik:i!)< 1 Sg"C*>4. £<0/S46lc<±T 
*Ji«l»^**J1IW-4«&»& t *4. *£-C. Ta/ 
Au/Cu, Ta/Ru/Cu, Ta/Ru/Au^fc' 
«3JMI»0«Ji^fcTttkl/ttt5*kT , *4. £ 
Oi5 5r*S^^co»=5:-&2aof c cffBfcSHiU 

^^C&SiJfflfT 4.rk# f *]'fiBk$:4„ .rftti-^TlfrF 

U -JiW«maBt*(IMW-4 £ t *rsjmt &4 . 
[0 172] IftM(:liTa5nm/Ru 1 nm/Cu 
1 nm<0«JBflBt*T«6®k LTfflVi4£ k#*5iJ#4. 
£OfilJ£t;r't4,rkt;:J: , 9. S^kOftjff^r^tf 
U aWMfcJ&JfcL**^. Ru/CuCJ:->TfiW) 

[0173] *:fctt?<0S***IWL. &Bi»8teS:» 



tUliTa/RuCuf^lf c c-£-£J&£ffl^4*t> 

as* a. 

[0174] ifcift &«Tilflll»i» 1 <0ESt£Jf 1 1 

(01751 fcTOIf JH 1 6 £&#&S»m£teffl-f 4 
£ L< . £*U= i 0 Aff*« : FOttlH»ifcSWft 

Aft4<Ik*«rf£k&4. 3<>fc. IS*«tf#*£M**l 

OSHBS-B^tt J: < ^PJfiffc-t 4 £ k *«T& . ^nCi o 
Tttxtf**5'-v/Mfc*3-£4.rkA t T'&4. iiifcJ: 
0, *^MlffiRS^aW»t*r*-4«o*frfc"1\ *£#M4 

[ 0 1 7 6 ] £ <7) «fc 3 1 6 attMSttftk L 

kLTfflv^4%^tclS^-r. il-^^J^^-^^^^ t'co 

it. ^®mm%wi&&L<m^t>ix&. mfci3 
3rtfc£ittiA*«icS4» , 3fctf>t>2b4a t * — mzm& 
JsLh-cme***) t < {iSSMT'j) o . wsati 1 6 

kLT«»t:Wlfit-4. 

[0177] £fett^KStJl 1 6 s«ww4fl:*tti*fl: 
*Mi»fi:jEWfrtt*k£->-Ovc ivH*&v fc^Mffe 

mziEm%mmx'm<'zi>£\ l ^> ttzti\,\*mg&fF 

<TfcJ:<. 4fcr ; &rt'7rX«Brc*->"CtSv». 
«U^««0«Mitt*iai±3-B:4-fe»fcJi. IMi^Sa 
ffr? ^ ffl^ii 0 . 4 k «54WSr t 

^dr^A-;WRI^f-S^T^4£k*' f at Lu. $^>t. 
m^RStJll 6«^ffi.(i, — «CA«/<v7rJi4<03i 

iV^. t>'^-;U«0 :! F%^-fX(i2^P^-r4b'V^- 
/WFaoiiBS k ISISt* 1 , -f #i J: "3 'N* v ^ k 3&*#i L 

[0 1 783 l&LteXi^&tofrttiVf-RMtm 
1 6l±, mt.tf-&&T*mi 5£J&&l,t&ttZ. 
ffiSr-HJc^lcfiLfeO. S>4WiiBR. 2*. «8I5. 
*^«. 7-/*. **'flrk***tr»H»«t'*:*r£fc»= 
i^T^fcJgfiS:-r4£k* I T#4. -<3t>i£A 
££rfflv^0« :r5X-7K*f£k*fc:±-3T 4 
£k*«T-*4. iOidifirSrftSrffl^Tm^Katflll 6 




%.mm 1 6 s-ipstt J: < i t a*r* * . 

[0 1 793 VPRMB 1 6 <0*® ( a:*6<)(C{±a*r 
•S>&®AUrJg7fcO#ffl) l±. m^«BR*fS&*Sr 

* RWfli 1 6 SrSJRtt J: < »4 i k *«r * 6 . 

[0 180] J1^T\ WitfNi Fe £>&4&g 

£\ IfrF-RtflB 1 6**N i O-^F e 0£fc'<7>iK'l4ffc£-£ 

tf i fc » * i com/am 1 1 anwa&K&tt&t 1 o 

[0 181]Kt. 'S^RItS 16t7 U-Jfk LT 

£7)^ i co^tts 1 1 toiafcte, ^»<y rs 1 1 tm 
A3*m>4. itoidfc:, VFRMJii 6km?» 

ran 1 1 ^i^ns^s^tt^ms^ti^Srjrpffl-r « £ 

k&*I&ktc&. 

[0 1 82] JJ2LfcJ:3fc, m^RSi* 1 6 1 1 <0 

a*a v rm 1 7 »«Hatt*«tt«T«j«-r * - 1 ***f 

3l LH. &JgA'J T« 1 7 *1fj&r4?raffi*Rfmtt 

4£Jf|-*-4£ 4#. ttSc. Ti, Cu. z 

n. Y„ Zr, Rvu Rh, Pd. Ag. Cd> Re. 
Os, Ir.Pt.Au.Tl. Pb&fc'CD&JK. hL 

[0 1 833 <IC0J: 5 fcAR^U TJi 1 714, VftBB 

0. 5nmtLitt5CltA { ffiU\ fc/SU ftffiffi 
4fc5c** b' SrSSdni LT&JK; n' 'J 78 1 7 OlSISfc Wftfc 

W<V TM 1 7^^l?$ti 1 ~3 n mOicfflt-f & £ 

[0 184] Alt' <U TJI 1 7t±«^R«Jil 
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x\ &m/<\)Tmn tmivW&Mi i fc^ffiiil (¥• 

[0 1853 ifcAM^'fJ TJIOttSt. Jl$ . flfjft&tt 
■*-4¥fcT*4. 

[0 1863 xey^Ji-/l^"/ h'^-fe^-^s: 

[0 1 87 3 t Li<0jfefr*«»tSit«rv^ . 

-/ 9 v Wim-> 0 . i«WB«fc:*«-4a3M!fe«^fl: 

«!l8fc: L T < Wli#«teSHT* -§> . ' i <?> «t a tcW» 

[0 1 883 wm^ttfzx^y^ji-ym^-i.z^x^ 

^•^i 0 7 'J -Jgtc*»a»S h/u^ fc . b-yii k 7 'J 
[0 1 893 znmzli-tyx'nMzk &$%s&30xk 

M***> 4 . ft*wfc«± y 'j—nx *) t ssfflJ Srafch.* tt 

[0 1 903 «SBB#(3J:4^W TX#-f > bOXUZ 
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[0191} zzT&m;v}7mii7V-mfrt>x-xt 
t t>ti&%,. ±m^) 7miz\m<x t+^^m 

[0 19 2] £*>ltoteJH^4*&fc:«:. WBfcLTJi 

Cu, Au, Ag^^^gtfcl^AV^JS^fflV^ 

X . *> j: a tfraRft*** 0 £o«fcRtW- * £ k jWB 
#5. £ttWfc:«:*<Z>J?$te0. 5nmH5nm»t 

[0193] m^Rsts 1 6 i±. mm^mrt^. 

m 1 5*>ISiWi**>flWI (ttAOKl«lfr«£JICto>*& 
£$rk'<0tif$8) *a4S*«»l/CAIIAyT«l 7, 
IM (iff 1 OEBtt* 1 1 t=6i 4fflW £J*fr£6 fc*> 
C. ffl;ifcr¥%If$T-3nmWTk^&£k***F£L 
v\ fcrtfU *4 O^rSkM^tSlifc^y^k LTC0 

5nmJ3Lhk-r*C:f:*«#4Ll\ 
[0194] _bj*L3tJ:3^J*$<7)J£BtlS6it« 

^swii 6tc<t^(f, m^RStsi 6«qsttMc^^ 

«&tcJ:o-Ctt&BC<yrJI 1 7t;:8&te&S*mS:teffl 
^S^ka^figk*-!.. i<oi5*«ttAi(*m*»4>* 
i&R^urJfl 7 k LTli. mNBSUCfrttti^tflB 

MC0ti^OTJ-r-&±-C. NiWiFefOi^Ni 

tL<»±^*i^Kftil07u^ (CoSrHK) 
Lfc^A* ffiffl-T -§> £ k *«# 4 L ^ . 
[0195] JbifcLJt i oK&ffi&miz i tixe^ 

8#fitift$*rcfc9. ;^J:oixev>*7i 

1 BSftWiMRfftiSV^Ii. KI2<7)ffil4JIl 3 
J±«fl:BW3iVCt*SOfcStL"t. *l«)«eJil Hi 

112 ssu/ceasnx: 2 o£7)isiiif ii. i3«i 
*. 

[0 1 96] Sri*. J^Lfc*fc^W:TO18ti«9K 
fcS ilt^A 1 z 0 3 ft«A 1 2 0 3 • T i Ctt^^ck'O 

ffiigft* k «ra«3«aa*jL*^RWi k tiBS'JS ft* 

[0197] JbJESgfl^K^MRSS^KtJVvai. 311 
*5«tt«l lfcA*TJWl 5fc<0BKc. MflSft. Wfc 
ft. Dtftft. *>7-ffcft. 7vfla*frfc"*£**tS«IS.ih 

jw^RStJiieijaaLr^i/sft. ^i-tfie^r- 



m 1 Offittil 1 1 k £JKTtfcJf 1 5 k <73ltlOJS5H : -ffl£& 
fttScSbr £ k tfXr* , $ &(cli«^ fHIBf 
SWSSmtc J: 0 MRSfl3P*i*i±S-*4 £ k *«T* S . 
[0198] -£«±T". SlON&tiA 1 1 kffcffcffijtlt 
^ RSfJB 1 6 CDfSlZ&W * U TJf 1 7 £tf-£E $ tfT V * S 
fc*>. m¥5cftfJI l6kJBl OJKttM l 1 k <oia<7>E&f\ 
^fflSfWBfcWfc.Ii:**?*. «l«0»tt«l KOSS 
fi J «WB8«l*tt<0«l**««!i-4 Z k *ng§6 fc * 

[0199] i/c, *^BJ(C^V^T(i. 02 6H*L^ 
J: o fc. tryJf k LTiom2coffl±Ji l 3<offifklHrJI 

li . wmzzsmtemzmor ztLtzmi 2 emm 

13a. 13bk. C1C02 -?«0i*«ttfMK*4Hi 
-T4R8M8tt«(=li^riill 3 c36»6«*Sii*. ^ 

3 k 7 y -* 1 1 k <0iao»8SBS^-*/lNS < -f 4 ^ k * J 
«Tfllk * *3 . 7'J-lll«Mst St*>*/jNS v^SiSffi^r 
1f3S2:HifflJSm^-y K^r^-b^k Lxm^ZZt 
if^mt^h. sfirtJ. @2 6l:fcV^ll 9t±. 

[0200] mztymizisy-tT- 4 v ■rw&.zm^fz 
*» ^^oasaa^/hs < ta*4 . ^ <^>ft . •? y r* 

fliiK-o***^. jcje^^r^-f >h»w-t*f-3£ 

kafinnftCSr*. 

[0201 ] Sfc. *fHBfc*Ji^T(i. 025 *fc(4H 
2 6t*LfcJ:5fc. 7'J-Il lj^kfyflil 3J:*)t> 

sk s tciss tti h -V -rmmizmm- hzt tmrnx-h 

hit. H2 7*iJ:VBI2 8(c*UA:J:pt=3»fc:t>'JBl 
33&*7'J-Jil 1 J:"5taS«St:iffl»Lfc!Jfh^ffl<^lt 

miz-t&zt ^mxhh. znxoiz. ^.-y Ytnmm. 

[0202] tLh. 4$KHttS2 tf»atWJIUC3&»j&»*« 
SBtttiaMias^to^-CK^Lfc. ££T. *m2^Sft 

0iS(-t>v^Tt. ^isa©Bffitwtj^rifr^LJtJSft(fi 

[0203] iXC. **HHO*3 *aHBrae*»J&»4tt 
««HjB»«*F (MRSf) toV^T^i. 02 9 
li. *«W^35tlt»J^MR«^WWW(R»*wrr 

S)iffi0T*$)S. R0fci3V>T. 1 l{±f63i#:S^S<7)± 

KttJi 1 1 ±t=i«MStt«HSWi 1 2 tx-m 2 (om.it 
mi 3wwt2tix\.*&. &2<vm&mi 3*±, 

^«flHB^$ilfc IrMn. PtMn. NiMn. Fe 
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Mn&k'cOR&ffiBtt-S^N i O. CoO. Fe 2 0 3 f 

[0204] ^mfm<m^mm^m^x'\,±. t> 
®t Lx<vm2cr>w&m 1 3fo4>ratcs^s;ws 1 6* 

crm&M 1 3tiBStt/l 1 3 B./%Ff-WMm 1 6 

1 3bco«Ji^(c«t 9«t£;s*vcv>&„ zzxw&m 
i3a.imm&*mmtmvTti } o. GMRmmzmz 
^■\z'>mtLT®ffiLT^&. m^RW^i 6(±, mz 

x*< . mmi 3 a;&>£>AWi.T#*:£Wf- £its 

R»U fi»*t±« : F<W*&a*t^ltilt*:S*» MR 

^l^£l|*§tf&f£g'J£k: ; 2:^-CV'>&. ittil 3 b 

[0205] J: 0 &$F=5:SM:III«!|£1i#ft $>fr 

SI 1 , m2<vm&mi 3ali. feSCoKo^ 
co«fc o &C o Sr-t-tfS&BttflE. i£J±N i F e «fc ? 

4;i:*#&MR^tt*AU^ftSCo^£fflV^£ fcA* 
$f£l_A^ ^cOio^rCo^i: LTfi, CotFe. 
Ni. Au.Ag.Cu, Pd. Pt, Ir.Rh.R 
vu Os, Hf =5rfc*m«2*:l±2iifcJLh£5~5 0JK 

t±*i:5rMR^<fk2££#6±T\ ^CFe. N i SrfflV> 

[0206] ££*£&MR^£#&#£>b'^Jf c0«£ 
lfc£sfc L&^fcftfciiBffiJi 1 3 aliN i F e 

/CoFeWi Fe/Co<0«6t^««Jg^-9-CV^ 

oKoFef^Co ^* J ISMLT hhZktfUtL 
<. *co»RiO.-5nmELL*6£fca t a4U*. 4 

<0lttftW«g *1rHJaTT*4 - k tfMt L < . M 
fomzli 1 0 n mVXYTfc &Zk * { M£ U 
[02073 4fcRH«Mt*k:»LT^*«ttJi 1 3 b 
fc 1 3 aCO^miiWi— TfcottifiHA 5 . ifr-f Li>|i5!— 
-C•$>i> ! £^g^± : 5:^. ttttAl 3b{±MRSWftfcUSr4<* 

1 3bo®J8ta(ii§5< l/C*S<#a*#4U*. ^co^ib 
BSttJf 1 3 bOftfU: LXliCob L<<iN i 



Cr. Nb. B. Rh^SrSs&oU S«SMfcLfctffi* 
4fc«ttJil 3bliGMR»* 

[0208] £/t$ttt« 1 3 bi±GMR£k3IKti1? J l--e 

y.x*aw>#««:#3 i , m R$zimc?>®'j?zm< -rtz 

fcfcli. m&M 13b kmrjrfxMJ§ 1 6cO^T'(iJ±S*l> 
miWttMt**^ < LTi3< i fc#Hi L\,\ Z<V 

LT L 4 o tz#>X~h%> „ wCO/c^«iCltO#MlcTa s 
Cr,Ti ^tfWFRSHMWvhS v J±3 **F- 

[0 209] HlWlttfl lliCoFeBtt 

Ji<0«t=*--«KttJifr'9«Jfi$*l.TV^-Cfc A< 4fc. 
N i F e/C o F eO«(=1S«CO«tt«36««JI$*Lfc* 

tV*(E»«fiSU»»t*S <-T4fc»fc«. C uiCit 
S-ftBfcfiC o-^C o F e^tOC o-g-^ieBLTftl. 
it* s a*U<. -ecoKfftiO. 5 nmJjJLhfcSwk** 

[02 10] 4fc. SllOffittJIl l^)BWIi, ^c^^ 

m R3nmtfnt>ti. npnrtA'? ->\*)*i*s ; a xcn%£_ 

^. ifcSMSJil 3a3>JRWi. MR»«*-C*4*f«t 

<0« ; F<?> 3 | t ^e*f^J: , 3«»?l<-r**R* t **. wtf) 

n mJaiTfc-riik*^* t^. 4fc J: L<{^3 
n m IXTIZ-? & Z k iz X 0 * § * M R2&*£ Z k if 

*imk%&. 

[0211] ztzm&m 1 3 b^imu. -t y^m&co 

^CO-P 4 LU. ^ C0it«> 5 n ml^JLTCC-f hZk tP&£ L 
[0212] m^KStJf 1 6 fc»i^A««fitttffl'f& 

nsmti zkizx-ix, *n±£.j&&2tn>±mmt0) 



# * 
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[02i3] Rsts^«ji£W^fc ltj±. mtirn 
itm. mm. mm. ^\m. mm. mm. *s 
im%t'tfhift>ti&. ztLt>w£ftt Lxm^&i%& 

ztit><?>o-h. mzm^^x'^-om^-cr^mv 
fflmmtzmti&ssteim. mmmim. T^mm^ 

[02143 nizm^KMmt txim^im^^m 
^izii&mt]±mc?y¥i5mzii 2 n miar t -th&mifi 

fyl**it^ ffittS 13a fcffi&tUl 13b fc Of30 

zktf&htix ito, z<r> i. o ttm&wo^mm 

tLTIiAlj0 3 , MgO, S i 0 2 3M?>£ffl£fflV^ 
[0215] #(::. S-^KWJf i: LT 3 dg^7C*4> t 

<{±5>^y-r v&'£tsft&mttm£m^&m&t,zt,m 

*^«R£^--S>65ttH 1 3 a fcEfcttfl 1 3 b hWfSOlgM 
«3r&-£lim^RS*«gffr#x t y£^TV^ ,1 b lz 
£*). mZbLXI,±2nm$:MtXi>. a§\ffJrf&-£«±# 

fflcom.mtm'&tfizti. xt-yj-s/i-zfmwymt vx 

O^ma^fcbixT L3. 9. Z<7> i 53:3 d^7G*i> L 
<li7>?y^ h'£^tf#&«*mi:L-t(iCoO. F 
eO, GdO^SrfflViSClt^aj*^. 
[ 0 2 1 6 J LT&fiattft. £ fcii 

OnmOTfctl.. Z<r>i%&\,Z\±V>m*mWL-fhW& 
113a fcEBttJf 1 3 b t^crtmM^^tm^ 

mm<r>mi&*mLxmftZixzrzfrmFFK%mcr>mz t 

LX\i2nm*MtXh.m%mii-%\±WtvZ:^. Lfr 
L*tft> 1 0 nmfiLh^-g, tB$M^^1±*^Mk 

l . m?Rttmcow.fzfimtfBmtz$y ^ btix <htz 
nb. mmm?bixm?m-&izimti.<&\ ttzm 

JL<l±5n mVXTI,Z-t& Z b izi 0 £5t2rl&£WS£-& 

ttJSti: LTte. Fe 3 0 4 (cft^$ixl.7i7>f *il 
(CCo. Ni, Mn, C ulf &WtiuL?C 7 x h-£- 
CrOj. C rzOa^SrfflV^Cli:*^-!). £fc 

Km&&zi>^>m,T%Mmb lxh. nio. c o o. 
f e 2 o 3 & b'<7)ttmim\ i t & . 

[0217] ±IS«^SStJl 1 6 iffi&L-tzits 

m$ik¥&ifattotz]Em%mf&b ^t^t t vu^. ^ 



zmikfe? ztsAsX-te*). frif&m-t & &mm t sb#w 

[0218] ±^L?tct 33flr<t^**»^4«^RW* 

mm. ?7i «*wfr*tr»H«K.$ 

*. z<7)j: ottmzm^xn^mim 1 6 

Jt*S{=<tii(f. mmx'fr-ommtwm&tzmitzm? 
m\m 1 6 sssix i <%hzb ifix% h . m^Rsta 

[0219] i^LTtmttil 11.1 3HfcEKS^4 
#H8it+IB«l 2l:ii. Cu, Au. Ag. ^(±d^^> 

5nmSJS^*Efflt|g^-|,^i:* i *f^tvv ^NKtt* 
H« 1 2 COIMW* 5nm^fi^t fi8BfrflaSK*-Hi' 

t.tz2nm*mxfoz>bmmi 
1.13 p B i^3a^s-&&-Hi-tc/j^$ < -ft z b tfsmt 

[0 2 20] ii-C. ij^L^attJMl 1 . 13a; 1 
3b<7>d*>. m:7'J-IkU»Il«0«ttSl lie 
13. fccttftHfitfcfc6Co-&££fflVV 

(ill) iei6i$-*-i.c:h* i ifiL<. iittcJ: 

S . Z<r>Xo . ^RTitfcJl 1 5 k LT(i fee 

*S3f £=rti>&JS*m. M^tf N i F e^. N i F e 
Co^, ZtlhlZTi, V, Cr, Mn, Zn. N 
b. Mo. Tc, Hf, Ta, W. R e ^O^iD^S:^ 
inl/CJBSijMfcLifc-frA. Ta. Ti. Cr. 

Cu. Au. Ag. Ru. Rh. Pd, Ir. PtRlfi 

[0221 ] 4fc. Zfi^mTm>T^{,zWRb(D 
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CTa.Ti, CrmntimZTmt LTSt<£k** 
M4LV. ftttfityCli, Ta/Cu, Ta/N i Fe, 
Ta/Au, Ta/Ru, Ta/Pd, Ta/Pt, T 
a/Ir, Ta/Ag?, 2 JIlJLh<7>«Jf fifi££Tflfifc 
Ltffi^tmi.. CClT*TaJl?);fr#J;D*«K 

ag^ ^H(=ira $ tix ir ->4 & . 

[0 2 22 3 4fc. 7'J-Ji«0*fflS^ttfci*iJt:3Hi\ 
mvM&S&kW*tl>&lii t *>*. i<o*. Ta/A 

u/Cu. Ta/Ru/Cu, Ta/Ru/Au^^ 

[0 2 23J I#:WCIiTa5nm/Ru 1 nm/Cu 
1 nmCOffjUfjtSrTifeJIt LTJB^4 £ htfOjk& . 

U aWR&JMtbSnFfc. Ru/Cufciotfi^PO 
S**MttU «fflBMrafc»4£ka t »Tttfc ! Sr4. 
[0224] *fclfrFtf)S*«:M1IIU ««9tf*tt£» 

t LtliTa/RuCuf^fc c-&&JR£JB^4*t> 
[0225] *fciil^OT«SHWaiJB 1 OESttJl 1 1 
H4.I fctfif}**. 

[0226] 4fc £ 3 L*rHMH4<ZV W 7Tl(i. 7 !/ 
-Jfj&^^Ttf/Jf J: 0 feit^«<0«aUifci|PM-*fc 
J8^4*ktfJ*4. ZO^m^'JTJBtiftffSr^SaK 

SKJSW 7 'J -fc S VRfcf * i t * . 
[0 2 27] 4fc. *5KBK*J^T«, H2 9(3j;L*: 

h v r^Jglz^-fS £ i: i>^Ttg-CJ>S* { , H3 0 lz 
TjkLfcZ o fc35»tctyjg 1 3 A*7 U-JH 1 1 J: 0 ti« 

4. 

[0228] Z.Z.X'if-YMfm.Oh % cOR3$JH4ffc<OT 
WCJ^AKTiftl 5a(l JH£#£ ( 1 1 1 ) ffifa 
BtttDrtUL ««W*ttfcrt±$*4J:3fr*m 
*fflv^6ik3Wa*U^. 3 i&JKTife 
«1 5fcLT«f ccflBt&ir*-ftAWf». WitfN 
i F e N i F e C o^-#. £ft&HT i . V , C 

r. Mn, Zn, Nb, Mo, Tc. Hf , Ta, W, 

Ta, Ti, Cr, Cu, Au. Ag, Ru, Rh, P 
d. Ir, P tatf^^^Piffll.^ikA'a* 



[0 2 29] 4fc, £ft6«OA«T»«0Tfc:W=»Efc 
0>Blft.ttfc|6Lt3-£. ttot c c*gjISr£5£fl:$-fr4*: 
W:, Ta, Ti, Cr«W*m*T«LkU-CfC<ii: 
#H4U*. ftflcWCJi. Ta/Cu, Ta/N i F 
e, Ta/Au, Ta/Ru, ta/Pd, Ta/P 
t, Ta/Ir, Ta/Agf. 2 Jf ELhOflWBfllJt*: 
TakUT«difc36*-C*&. iiTTaJitf>*a6*J: 0 
££(Cift >fllt3lftil3 flT V *4 & . 

[02303 4fe, AffSrKvBWtttt. 

4#Sri*$>4. <L«0&. Ta/Au/Cu, Ta/Ru 
/Cu, Ta/Ru/Au5S:if<?53Bfl|jS«Oflie«IJaSr 

[0231 ] ftffcStyCti. T a 5 n m/R u 1 n m/C 
u 1 nmetiMHf&£T*t!!Jlfc LTJ8^4£ fctfiB* 
4. ico«j£tc-f4C: t*=J:0. W®.h<r>&1j}tcm£k 
«RU aaHRSJB^Lir**^. Ru/Culci-^TtS 
^0S**«flP L , &#fc«£W!fefc»4 - k &*imt 
*4. 

[0232] 4fc*^*>£**«l«U ft#««^l*tt 
«r»4fc*>t=li&-f L i>»«fitit£ "f 4 *Jifc8"C*r 

"FtfeJBi: UliTa/RuCufOfc c-&&JK£JBV^ 

4*ktt#4. 

[0233] 4 fc* >I tlh<VTimm&%i 1 *>ttf£J| 1 
1 tCN i F e-S^<0&^ttfr£fflu4%£tc33^T t> 

[0 2 34] 4fc„ *fMBKU3»r»"Ct±. 03 1 tl^Lfc 

i a t=7 v -m 1 1 1 1 b» Lxm^RWK 1 e *mtL 

■rsckfcTTIBT**. CKOiafctr^Jfi 3. 7'J- 
Jl 1 1 coi^^r(c:«^s:itS 1 6 ; 1 1: J: 0 , 

[0235] i<0«*. 7'J-Jil 
^SSta 1 6 <7)i»li: 3 n m jaTTrfc 4 i t L 

4k. 7'J-Jf 1 l^>Ji*t:»ft3*i4-fe>X«8Bffl» 

£?#4dfc#*E5S£ : 5r-?TL4'D. Z0)t:»f>* -ty+T- 
b LX VMB&Hk LTL43. 4/ch-y r«jtWB*^ 
(i«^Stt^ 1 6 COM**'* 3 n m & Z £ 4 t . IS AAA 
^-tf^* 1 -?- - L 4 3 fc*> . K^:* k L T co^» 

=5r*s a B B tt^. < 1 1 1 ) mfo&m&n&cttfmLK* 

L4vv W»SHW!BS*^fl:tT L4 5 . 
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[0 2 3 6] 7'J-ll l^ffllfcte. 13 2C*lfcJ; 
d tz.4tW< , J TM 1 7 ^-Sfl^-^-tirT^fti. - £ tT* 
4. ;<7)J:3^-ra2i:T. &#&MRl3ti:t&S8m# 
14 1 £ £ t a^NEi: &4 . 

[0 2 3 7] £<o^-. ^'J-fA^ttyfin 

JSA>;TJI<02o£JB^4££#ai5fc4. d«0Zloo« 

tr y ji tig v wocskk: «t x±. t s m«ai#£ * r V 

*)V L . 1> S VJRC-T 4 £ b WCS 4 . 

[0 2 38] fc*fU *&<cJ:->-Cli, «B<03cS&fc*> 

£4. ^^lcte&4^< .I«92JIcO)8J¥t;HI< L 

t. nziws&i^^mz-t&zbtfm&L^. torn 

*yb£/h$<-r4££:#ai*4. dco^JR^>' / 7 r 

l*£SH<7yJ>$ v v^^$r t± $ JxSf^ fc#fl:$ -£4 * 
ttiJ3fc4. 

[ 0 2 3 9 ] *2mmmiz&^X\i. H3 3C* 
L/sJ: a^tr>-Jit LT<?>m2<7DlKttJf 1 3^^1:11* 

3£H1SW113b. 13di, £ftfe20<7)lK14{fclJi£ 

[0240] tthi?. 03 3(C^-rxtfyv^7*]S^ 
*Hvr»i. tVJIfc L-C0)*2<DfiB£Jll 3UBSJI1 
Sa/m^JxttJil 6/EBttJf 1 3b/RuSl 3c/ 
«ttJ!3dOlWI«Btfc:i»3fll***l.-CV^S. £iI"C«t 
ttJIl 3 afc»NKtt«f»H» 1 2fcSUT*5 9. 

jfttai-re^Jifc fciB6L"Cv>6. m^KStJii6 

t6«JtT4<. 5S«iJll 3 a*»S>7JttT*fcl£3W 
^fclWBRWU ^JUtiW^tVPJ&SifiSStl^S 
#. MR3E^fci**Sl«SfliM&fc:$roTVv&. Utt 
JB1 3 bttRu fc&LT&O. Ruil 3 c^LTEB 
ttJIl 3dfc^«tt«fc»^Stt*l*fcfc->"0* 
6. ttttJIl 3dl±RS*«ttJ|14i:«LT*J'J--*rti 

[0241] RuJ113 c tm^mm 1 6 i:£0{4Sia 
mt. H3 3fcSbfcJ:3te*PR»Jll etfiD+B 
IHK&JI 1 2 KSfii\ffiBt=Mt$-4 £ t #S!£ Lw. £ 
9*^^^£4<SMSJ:9+roi«ttJll 2 

3c^>. w&m/ r u jt^sT'co^s^m^HjcSL * »*- 

MRSe^b»t»4 £ t ifiV* 4 . fcrtf t R u J| 1 3 c £ 



J: 0 4>RBMBttJI 1 2 t=ifiv vftBtcBStt* £ 1 1 

[0242 3 £WJ:5 t^-tf-f v^ai 

■yr^citicto, eyjfi 3t7V~mi 1 tw^cotf 

[0243] t?VJV«*&e>flH8*£T& i^f»t/h* <~T 
4fcy>t=ttattJll 3 aiOMs t«kffi814Jil 3b<7)M 

s t)gi:c7)ft*«, m&Mi 3d«oMs tmttc&^Km 

[0244] JSIiJl 13b. 13dtl3 aC0tt*H±^ 
mi*Jl 13b. 13 <U±MR»*»CJ±»^i-r*>^« 

LV^ CLiO^attJl 13b. 13 d<0*f 
fikLTttCotL<tiN i-&4tK. Cr, Nb. B. 

Rh***jiiu Wii&mti-fzwn&m^&zttfftt 

L\>\ £tzm.&mi3h^ 1 SdliGMRSSStCfi^ 
[0245] 4fc. SUSJfl 3acOMJ»ti. MRMJ 

f nffl-c* * j: d t-^< -ri. C t U». Mftmz 
Kif ^ i o nm&riz-r hztofimt lu. t^ioa 

it<{±3 nraJSLTt-rSittiO^^rMR*)** 
»4£k3&*^rttk«r4. 
[02463 *fc. mtiJi 1 3 b <oj&Jjf ti. 

JB1 3b<0j£Jgt±. T-^4fi(t/h^v«14a 1 3d£OM 

s t mvmm.ft?>mti Z'hz <T&zt? & j: a 

J113b|US0r, 5nmJilTtCi-4£t* i aSL<. 3 
nmfclTfcr*-4.Lfc**J: OM^L-V^. 
[ 0 2 4 7 ] ifc . 1 3 b I'J: 4«at0^8Ajft 

i*/s«>t:tt. mi±Jl 1 3 b fc«?JxStJf 1 6<0 

i:. ^as<J=5r«-?^^eA^* i ii7tT4Jt46. 
Ta, Cr, T i ^COS^RStS&SfiO/hS ^«W*{4$ 

RiW^^^-fks *4*t t* 4 . 
[0248] t^. m&mi3d<ommi±. ^y^ta 



(2 4) )00-l 56530 (P20O0-15t!8 



[0 2 49} t.tz. El3 4{C^L^j;olC, 03 3Off 
Jfi(CjDi.TS4>C7U-«l l(cB»LT«^RItJRl 

3 . 7'J-I11 M^;«^R*fJ15:®«-ri»- k t= J: 

[0 2 50 3 ttz. 03 5H^L^:J:d(^ 03 4<D« 
jfcfcini-CS fctc? U-Ji l l fcrlW* UT&I^^U T* 

1 7 tm^h-±6Zk 1>X'Z&. Zco£?l,z~t&Zb 

k&&. 

[0 2 5 1 ] JhEL/iio&^-te-f* -/^f >mjt?r 

[0 2 5 2] 123 1— 03 5t3^L7t1fit{±. "t" 
^h7 7^7-t^otl-^A ! . £C0ttil£3lr>< •? 

WC*6. *fJfrf-S«ji£:03 6-I24 OizLibL 

fl£>by7';5'-'fTk#l-^:?M 7V>3StR J±^ ■■/ H coftit 
{cflHfr*attr#*aUt£ k * . 
[0 2 533 4fc. H4 1tSl,fcJ:5tti'il 3# 

2 o$> ^> r i tvi^ 4 Tox tr wOi^lgi;:** ^tt, 
ey®13 IzMTfxMf&i 1 6 Srt? A"f h Z k A^ggT'fe 

R$Htm*'&& Z k a^BSk * & . 
[0 2 5 4 3 *«Wt=*JV^"Cli» 04 lcotfimz 

Sni.T04 2fc:wtfcJ:afc:t>'Jikt-c<oJII2<o«1i 

miisxv^comm&fomi 3b, ndt. e:co2 

[0 2 5 53 -t%: i4 2C^tfi7;WtV^' 
/i^ffitHrfcwcti. eyJfkL-Tom2WB5tt®l 3ti 

mm 1 3 */%=f-sst\m 1 6 /mm i3b/Rui 

13c 13d <Of»/HfBtK J: 0 MA $ tlX ^ 



[0 2 56] ^iDidH^V'-b^r-f -v 7ffi&kj&fr-&b 
■tthZklzX*)^ \z>mi Sty V— Ml 1 kOOcoS? 

M s ta#/jN$v^Sg£«m£S£JS5&^ y N'Srk' 

[02573 *ffe9JJ<OgS4 egd»B!B£*»ft>&8£ 
5lSiJiS6^«^ov^T04 3^#a3tTl^-r^. 0 
4 3 fcSrrx fyA;uyM2 9 It . K3£$ttJf 1 4 /IS 
2 cOSBttJ! ( e>« ) 1 12/»1« 
HIS® (7'J-l) 11 /ifeJS^' 'J TS 1 7 /t*»it 

[02583 zw^co&mwmfmfik lxiz. m& 

#raffl$ft!>. mo&mz^^xhmmk-tzzbtfiii- 

[02593 msM^cr>x^y^ym2 9 t,zt>\,ix 
a. mm &m>^)Tm\ 7 *m&Ltz. mz. term 
iBfc-a*iwaBLjfc*). a 4 was*, a*, kx. 

l. zhiizitvittifrzm^tz&fcnm-zMm-t&zk 
tfx°* h . &mt}±n?%Mtm 1 e it±m^ vrmn 

k BKtc^JB/'J U r« 1 7±tciSlg^fi£-r?. i k i> »Tflg 

[0260] *tj. ty^;wr«2 9 ta$ 

04 4t^-rj:3(;. Iglc^mft® (7'J- 
1) 11 Oitc^RSt* 1 6 fcBSBBjatLT fc J: < . 

>i »^^-t={±ifa* Lti iai:. m^st® i 6 (omm & 

3nmOT, $^t'(±2nmUTk-r^.^k* i; if^L. 

[ o 2 6 1 ] z<r> i a *kie« ja«o* t yt^vym. 2 9 

KMJI 1 6 ^BBt:yWEa-*feAK^^U TMl 7t,z£ *)Z 

ttttJi 1 1 oaffi^aawR^ttw^iflw-f *^ 

k* 5 T'l=^„ 

[02623 3|s%B»o«Atl^iJ!FJi»K?U. SBft^-y H 
<7)S^ : ? : 5rk*kLTffiffl$ii.2 1 t>^)-C'ft2». 4fc. tt 
«^-yK(cm^r. BtSUHJaWR-X^'J (MRAM) * 

kcojs^iB'tiSiBtcfflffl-r^ c k i>^r^T*) & . 
[02633 ixic *^oj<7)m5 comwmizfrfrhm 
fmim^m^z^xmA. simkL^mm-h. 
|5]0(cm tr & , ma Lt&wmmt mrnv&Mza 
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Ufcipfc. NiO, a-FeiOj, C o O&f 

&«*i»ji«F«aMi 6a.zwm&v. 

[0264] Z.<F>1%fe. NiO, a-Fe 2 0 3 . CoO 
&k'*^&5&B*BW:m^R«f«l 6aJ4. m^iSffi 

A'JTS 1 7fcO*lSS:aE*ttJ:< 3 Ffflflrt-4ik* t r 

JBraoiH'FffiiJte ffiit-f & t C0X'$> -> X i> <£ W 
[02653 zn*5&mttjkMr?Rttm 1 6 a k L 
Tte. . NiO, a-FejOj, C o O^rk'tRR'bixS 

SdiifC^S. C<9£3&Sft!ftkl/t(4. Sc,T 
i> V. Cr t Mni5lt>\ F e*>£>jM(4';h,&^-f fl*> 

\Wr>±m<r>WkM. *4v^4£*i4>£«£*tr&-£tf> 

[0266] $£>fc. I rMn^i, RhMnM. P 
tMn^Uii;. RhRuMn^^mfft-S^S: 
< kfc l»0»tt&Jt*mt4. NiO, <K-Fe 2 0 3 . 

CoO$:k*kPl«c.. *<o±fcj&j£$iT.&&R'<'J7*JB 
1 7 k ± < TS-fk-T & C k . i#1=r 

lei -»-C»4xt:^*^;W***-fr4i kA^CS S . ft 

»*k L-C«ffl-r^-k t>T?TftT*4. 
[ 0 2 6 7 3 *r*S, ttttBEFjhOTKttJI 1 6 atCN i 
O. <*-Fe 2 0 3 . CoO«rk*<0»fl:ftjRBtt«t. *>S 

14. -eixklfSKO&ttJf 1 1 kOH«?)ttSW«rtr3S»«S 

'JT117 tttflW-* . UT117 <0ff 

§141 nmJ^Jik-fSClk U^. fl&0*frfcov* 

[ 0 2 6 8 3 act:, ifflfaWS&m^iinmikti 
[ 0 2 6 9 ] 04 6fiilflH4 7J4. *«W««Jt*& 

(c j o -c tee $ n a *sMSsa&**^KJB mm. * «s 

t4£«. Ill 14 AKTiWC* 0 . II 4 6 Tii z 

mrmmi i i±<cioi^jmkfr»*i i 2£«j«, 



jftL-CV^*. ifc. ®4 7T'J4. ^JST*«1 1 
E&ttTifeJl 1 1 4Sr^fiKL. <! 0)«KttTifeH H4iC 
ttfflb±m?K&mi 1 2$r^-t-C5$fiSttJil l 5iB 
BSLTiJO. :*ifeoWRt i "3 7 'J -ii: Lt«» 
lc«feJf 1 1 34«»jfi$*lTH&. 

[02703 ±f£L7t£S 1 OB&ttJl 1 1 3 ±KU4. 
Scp^ill 16Srtf-LT. t'yjfk LT<DSI2c0l8ttJf 

1 1 7#»lfiS<l-Ci3 0, *«D±fcR5M»ttJI 1 1 8** 
WWBfcSfiTV**. 0*1 1 9J4fi«lT*fi. -ix 
^*l(Wc«tJ:-5T. ^trv/^nRl 2 0**«jS3ii 
TV^S. fcfc. icoxf w^py^l 2 0$rfiWttS# 

[027 1 3 ±IBL/^ffi«d?6ittt^S:itii 1 1 214. Jl 
IBfOKmtt 5: JWO-f hWSkl* Vf-BUttlz X & M 

SjJl;S*«ti^. JJewHffldfcjLVFRWJi 1 1 2 

i I) fcfttc M R3WkJ«4flfc*rr * t #i l» . 
[0272] >lc05IS6^ffi.T'l4. JJB Ufc J: 5 &ttfU» 
±m^K*ffll 1 2 Sr. 5>-'^;l-$r#tf^. *»4^J4 

Sr*trXrxSJBv^Jgjfe*ffikJ4. 9^**^t*tfXr^ 

{4MB E (molecular beam epitaxy) ^t'lCt 

[0 2 7 3] CICIT'. — ^CT5X^t4-f TfVfcilX 
m^'bfllJRtfix*. -ecoffetfc. ai^irJHliBttlBko 

W^77 X-7E|^ax'{4. -i^Vtm^h tfi±SBtft"C 
-^W^rT 5 Xv«iaTl4 . ^ h & A 

»«3ii.SJB*9FJ|»— k^rO. S£t5tR&ih«^ SMS k L 

[0274] mm±VT-matm 1 1 2 ^»fi£$: 5 ^'^7 

A-t*tf^a*fflv^Tffdikt=J:->T. t£tJtl?Sih« 
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mz*m.Tti*oto 3 . o n m&LTn&^mzm^ ^n* 

ffi±m. I ?-%Mim 1 1 2<7)BWL1Mmi:*&. Mfo&nz 
Ji. H£Utl»ihm^ Sit® l l 2fi. ±Tco#ffi£fc^ 
T . R a T' 2 . On mlXT & . 

[0275] $ tzfflm?*> 4 5 ^/kWRH»«»S 

«il»3& t ±#"r* . 2r 
0. ««ffc4MH6.ihVP®WI 1 1 2co«j£$:^tc-r 

s*. MoT. fth*«aitt*iirri4:n«Mc. vpr 

M) *n4--t 

[0276] ±j£Lfz£ dSr^^WftSteffl^ 
MX. St*. K*. **. 7-y**»J:Vtt**»^a 

#tf#x#ffll-»4>*i.4. £«DJ:3:3r?S^Hfr*tN«rx 

0 2 . N 2 . F , NH ( , H 2 Ogg5?v. HjOjggS^ NO. 
WfhtLt. 

[02773 C<i &<ORjett#X«tl»iB UK X i> it£ 

septus***, ft^E«*jBi u ent^o. sftft. m 

1 2 ^ih-fctOfc^fctlfc^RJCiR* 

c«to»«§itT^sfc«r>K. ^w«3Bffefc astir 

[ 0 2 7 8 ] Wfc . iS#Mmtt!m±9FFKMtm 
1 1 2W»Jftfc:*«"C**. Sfl^^t LTti. 
o 2 . H 2 o|g^. H 2 o 2 gg§i.. r^ri— N 2 
O. NO, C0 2 &fc*j&fl*Jf4>;h.4. £ii<5>tf>lHiB#X 

& m v> * <oncy-ffiB£3r?- 4 ? ;u k 

LTfcL 0(3p).0(1D).0(1S) 
VfCytlh. (f»Tt>. 0(lD).0(lS)liO(3 
P ) J: 9$Stt*tf*vv^(cfl^£U J W-< . Efrftft 
aaSHCHFi^RW* 1 1 2c?)&mzte1S-£ U*. 
[0279]ift, £<<3lMI^:jraWfci6WMrC 

**fcft(c. wsfttt^^vr. -to* 

T b . ^® T'^m^UtSLS: /h $ < L . IWW g iff 
*§£*<-f 4K<±. »BBWfi-fU±sfiH»"C*4. B*5 

^A^m^xmmimmh^m^Kmmi i2*» 

&-T4 £ k J: 0 . BMk«»lR«rif "C1i»^/i.«rv U ? 



4«t. fcifcEfcitll^KStJl 112k LTJiMCfc 
4. 

[0280] 5nB. *W»r«ffl-$-4?> ? ;frH'*±fc"* - 
4 #Xk t± . Witfaiff 5X-7C Jt^T 7 i^kB 

(c7-9X-7*#6±s-£4*fcBjW&4. r?xv+fc*i-f 
*>\ vf. ^s^/w-sitf+ttJiFf- (#^) 
4. «->t, 5^*^t±t-r4xrxfe^f 

r5X-738±«»r4«Sr< k fc 5 J: 
0S®ffl^P^T-^4. 

[0281] ^isftivem&^mt, -r^x^mt^ 
^mz^am^xm&x^h. 7V*ivk4*vcn®fe 
m&m. ( i =7i/i])v/\ »i. ^-ixmco^^ 

jg?Bt&^ai31«*^W& ( AM S : Appearance Mass 
Spectrometry) fcif^fifFftWrffiteJ: O^fiWtc^T 
^4. ^ico^. ^^-^WJg^'^^/^SJ: Offi^Cl 

[0282] BuiSUt J: 5 fc. ffiiMftitmTRW* 1 1 
20WBflttiO 8 (*/y) «r*t»Xfxtffl^T»»LT 
tctv^ ^y^iiEkHawrr^x^jfi^foaa-c* 
is$n4 . vu)Vk mmzitniz&'&x- 

[0283] 4fc, ^RStJKoJBifiWt:. 
*a64ifc**TS4. Witf. 0 2 ^*^ffi©#LT 
i k *«pnS k «r4 . -?-O^IRk LT . wrc^Fffl^BMk 

K$-^-t4c:kA i T'^4. wmm X 0 t-ft 

< * 4 fc*> . &££V?E3ttM t »*t 4 i 

k 4 „ 

[0 284] JSBfrr4*kUTI4, ^f-fey v^yr^rk' 

m^KStH JttS-r 4 i k *«Tlg k tr 4 . 
[O285]±JfiLA:J:5'0:7 S^^iUlSa^VVWHi 
tciO ffM LfcaafcSjhVFRftMl 1 2 (4. ^-co±TW 
t<J±— *<7)lf-Mc7)RaS:2. 0nmtJlTk-r4 
^lk* s T'^4. f^fflJRali. AFM (interatomic 
force microscopy) ^"STM (scanning tunneling mic 
roscopy ) * iTCS»t^tteT* 4 . 4 . V^Mttll 
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Hz X h BJ»4><0«3S£ «t -> X . 

[0286] mLm±m^Rmm 1 1 2 ^±T^i^iS£7) 

Rate 2. OnmOTfc^S CI fc#if4U^ *§f^ SB 
44JHBI«0#ffl<OR art* 2 . 0 n ml^TC** Z t 
U\ SfflTORa* { 2. OnmJjlil.i. #fflT'£0 

fc. t£15tRfijt.«?- RStS 1 2 #3 . OnmjaTi:^ £ 

[ o 2 8 7 3 4*k ^^«««BR»jlBB^«Wlttr 
ttl±. 04 6^IlI4 7t^L7tKffi(RCPBtr. «iHT 
H4 8t=«LfcJ:5fc:. !S2*»Kf&|l 17^11ttS 

1 2 1 /f£i*E&ih«^KStJf 1 1 2/mmm \22tc 

cOXb* V^TTR 12 3^1 OlSttJf 1 1 3 £3$8&tt 

s 1 2 4/feiJcK±«^-s;wii 1 1 2/mmm 1 2 5 

[0 2 88] 4fc. *«ffl«MfcS*li. 
fcflffl LfcHWttfiBft**?*) >- 'J 
kffiffla f «Ttg'C*S. 3. 0 nrnJ^T^ffi^^— 2rR 
JSfc^U a^tVTfc-yW&fc'cOSrV^S i Oxjf^A 1 

[ 0 2 8 9 ] <Rt:. *W?l!W«SaS8^*^Ilit# 
LooSWW-4. 

[02 90] 05 OiJit/05 1{±. *^H^fcv^Tffl 

R»i*iMM-&JS 2<DW&i8M 1 3 2 1 fl* 
E«S*ifcWRW*loB0B«ai 3 1 fctfU 125 1 

[02 9 1 3 ^lcoKJ^^l 3 l*»£>&2fD)88gfi££ 
1 3 2'Vtt£IK<?>iffi8i2. fill 3 3 SrgiLT^tS 
WtcSltfitS. 12+1 3 4«d— Hn>/^^T*>S. i 

cox o %m%&2WM<?>mBf$m 131. 132 sr^rr 

& i i: lei 9 . 9 WlUBBKOBCa-f^ 

fc: <fc & * - y ••/ h $m^comw£ %<-?ZktfX'Z&. 

[0292] «K=. JHHfc*£» Mn^co 



[0 29 3 3 JiS*)l'*m\-th&2<?)]m&mi3 2 
«£tfH5 2 fcSi-J: p fc. 7 i^A^lSSRW 1 3 
5Ai:5^;^J*^tSl 3 6AtSr*tTV^„ 

t*9„ ±ieU^<tatC 9^**^l^*fW*l 3 5Ai: 
9 ^/UTOMfiW 1 3 6 a t 4 i k k: i 0 . 
w»«*M/J>lWcff $ i & - k 4 . 

[0294]«««t, 5^A«IW»«13 6AJ±. 7 
^/l^l® 137A, 7 ^;HSStP 1 3 8fc «fctf* 
«T-— 7";H 3 9$-*L, =7 : Jij)V$mm 3 8t±S^ 

t— y;n 3 9com&±.izmwztix^z>. a+i 4 o 

(iv-A-v^. 1 4 1 &JtSSbti>7, \42WOls7X-h 

[02953 Jl/iMVtESBffltfkl 3 5AA>4-7y*^ 
^137 A^r9Xv«Sr»HW-4 Z t iz£ 0 , ®£ 

tcfflv^ixs^a^j: , o : 7 : J*)vmwm\ 3 7a«o* 

JlA^^^BiT'^gE^I^ 1 0 OmmULL 10 0 0m 
ml?Xfb*$>£otz&j£?&<7)fiWtH\ 100mm 

nmx-foht?7X~?mfrL>cn>4 ?rv^)fWfe*t6i 

kk:3:9. J Jt 1 0 O OmmSrfii S i: 7v*/^ffi* 

[02963 S t>tz* =7i/i3)VmW& 137 ACOrtffit; 
Ji. SiO,, A10 x , BN&fcV)*fe^ttf^$:=i- 

1 3 7<9rt*£:E*fc{ift«*WT?-*- VT-j?^ 

1 3 SAlcHtiZ^)^ 1 ?, f+-i'77rtfcW8t» 

[0 2 97 3 4fc„ »2<0JWB«*tt. ^Lfc?^* 
A«4««rflli.T^*<"CfcJft<. ffcbOfc*Vy«S: 

[0 2 983 H5 3<4. tfV'i'aRl 3 5 BfcflM.fclt£ 
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^/ymi 3 5Bj&^#t*&$^^vy«±. *vvi8& 

*g 1 3 7 B ^LTJf VVBHMIH* 1 3 6 B Kl&gSft 
3 9<0±£&£a«K:gB*t§iT-&. 
[0 2 99] 3fc£BSftt-f&-2:fcJ:-?-Ck, Pitt 

[03003 m5 4i±. xmzmi 35c^mttzm^. 

[0301] JSUJJfflLfc^aAflL *y>*&*v* 

[0 3 0 23 W:, M&Lfcft29a&BS7b£»5£tfc 

[0303] (Xttffl 1 5 ) «a(Mt^ U ^ y&BLktzV 
C?^hny^^7^iot, JgJg5nmcOTa 
*JBl£U -5-cO±tKff6 nmcON i Fe^MiSL 

o«Hfc:^W!WI*JtWtL,fc (WPU ) . ^fUiftra; 

tot*. ;«5itTEMTl»tfcfc;«« T^JPSti 

fc. R*(cLT#J*Lfc, N i F e-fr&HOSH 

CO,9 3 0 *£f§« L . t£Scl»ih«^ BtStm 



£?E*j£Lfc (KB2) . ^^/KOAtKOaj 

->fc. BS£*KWI*i*Lfeattfc:-€-<oKiiifitXPS*jJ: 
l/XIRUHffT^fUfcki*. FeA- Fe 3 0 4 . N 

[0304] <Wc. £*ifc»HfcJi±fc:N i F e^ASrA 
JS^'JTJfi: UT2 nmMU SttCoFe^ 

(2nm) . Cu (3nm) „ CoF e£-& ( 2 nm) 
i5 iff I rMn^ (lOnra) SrJffc^lffiU fii&fc 
ftSJf 2: LT 5nmOTa5rMU. 

[0305] 4fc, ^mfflfcOJtllSOTfc LT. 

[0306] .r*i&#X£y/</W-rjR5r;'?:?— 
fctt, **l^2 7 0X;Tr— -tWBPIU £*)T-- 

3 0#X b- V) *)Vymz-z>\ \"Z . 5 k O e <0E&*§4»T" 
2 7 0*CT 1 &rfficr>T——)l'9!!mLtz1k. t&Mfi&SMIi 

[0307 ] 



m2 



asdep o#5 

mmm b»i 7.77 7.50 

5££J2 8.10 7.80 
Jt«^i Kfl3 7.79 7.60 
5&P44 7.60 5.36 



(Oe) 
8 

18 



( P pm) 
0.8 

2.2 



S*U HJ60J1 5<0«mttJfeKfl^i^3teit'CCR 

[03083 (HSfcPJ 1 6 ) JJBLfcWtW 1 5 *>Kft 

mvfr h C o F e Jf £ 3 nmMLfc^.t> — 
5 /USr^tftf X ^fAL. In mgJ&coBMOJi 
^J^BKUfc. ^-0±{C, 2nm(7)CoFeiOTL. 
■tcomimi&ffl 1 5 t |S)€lt= 1 0 nmcO I rMni5n 

[03093 ztit>mfem 1 6<o«teR<o^Kw</i'^' 



^C0l«fig;(i, 5Ta/5NiFe/O z /2NiFe/ 
2CoFe/3Cu/3CoFe/0 2 /2CoFe/ 
1 0 I rMn/5Ta (Iffll ) *S«tlX. 5Ta/5N 
i Fe/2CoFe/3Cu/3CoFe/0 ! /2C 
oFe/10IrMn/5Ta (M^2) ^ 
*5. BWII«+<^aWi[«. (nm) T'*>0. UTF 

[03 1 0 3 JJSL^SOfeMl 6<0*WPKOa s -de 
po. ttl^)MR«$li, ICH1T8. 7%. K82 

wr-^jiffliLfcaoMRaftywi. ksits. 5 

%. WR2T6. 5%i:^r0, SlSft^Jl 5»J:tf*^>Jt 
IWfltit^TitBaRftfc: i 4 M RSWHwjttfcWI. 

[0311] 1 7 > flbBHt:^ f ^ >SSLB- . 
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^W7rXTaT%^^it7tf*, Co&5nmf£^L 

[03 1 23 ^<7)C o|fcft!|(r±CC u£&J£A'J TJIi: 
LT1 nm7FMLfcf&. CoFe (4nm) , Cu (3 
nm) , CoFe (2nm) . IrMn (10nm)Jo 
<fct>\ Ta (5nm) SrHItCfi£KU^. $?«0TEM 

RatlnmWTt*^. CoiMJIJiE 
(aittSTt^Jt^aT^O, Cu/CoFe/Cu/C 
oFe/I rMnCD^#tiXtr^i^/WCj£*LTU 

fc. _Lieut0&&£0<li 7 <r>z.\zv><>)V7m±* MRSr-ffc 
0%. 5 O e, BJ^#>'0. 6p 

[03133 OtMcntzih^ gftSHLS i S^JitC 5 T a 
/2Cu/4CoFe/3Cu/2CoFe/l 0 I r 
Mn/5Tafe»]tLfcWI (ttKW-KWl ) k . «t 
KMfcS ii«it5Ta/5CoO/4CoFe/3C 
u/2CoFe/ 1 0 I rMn/5Ta£J*&£LfcaSPf 

313 

(%) ( 

^flfiWI N i 0 10.1 
NiO + Cu 9.7 
Fe 2 0 3 10.5 
Fe 9 O t + Cu 9. 5 
[03 183 JiLh^J: o iC, Fe. Ni. C otHUfc 

ftrC*STi. V, Cr, Mn. C u^rfc'Sr^SD LT 

[0 3 193 Sfcfc. fRSHUS iWK±te. 5Ta/3 
CoO/2Ni Fe/4CoFe/3Cu/2CoFe 
/10IrMn/5Tat»)SUfcK»Ak. 5Ta/ 

1 OCoO/2N iFe/4CoFe/3Cu/2Co 
Fe/10 I rMn/5Tat»fiL/SitWBt**l-e 
ftfERLfc. MRSEflSWi. KWAT9. 8%. KftB 

SHKSMI;*j ttli 10OeT»-9 fc*NC*t L „ Kft B Vli 
300et^rot„ SK^AWidt. C oO<7)J$jy* J 3 
nmEITtl^L * <a«SU$tta*^£T N i F e t 

[03203 (^]*M18) DCv/*hDW<7^ 



*14*<50e. mmtfO. 6ppm. K»2«4MRRffc 
$*«10. 5%, ^H^S^r14**2 5 0e, ESM*'3 

[03 143 -tfOi 3 »ft«a>C olg-ffc^Tftttem 
T^ffiRMJi k LTSS»aasa6*<0!*l±t:S4- UCu 
; N' u r Vic i 0 BHUR J: 7 U - « i: OHBftWSrS jWKW 

[ 0 3 1 5 ] 1 7 OWHi: Jt«W)WH 1 

£2 7 0*CT«^F2 0B^T--;l*-5PIL/ii: . 
SlSSflJ 1 7 1± 9 . 5 %OM R^-fk^Sr^ L Ar<0fc:** L „ 

[0316] EfflMrBHteC olMSftCffccT. N i <9 

^fcFe05*&£-fe:oivt||S£Lit. XPS<0» 

bZm&Ltz. Br®TEM*><i,. ISSttliC oBMfcJgT 

jt. «3t:fea^t. 

[03171 



Hk mM Mrfftf 
Oe) (ppm) (%) 



50 


2 


11 


8 


0.7 


9.5 


4.5 


4 


10 


9 


0.8 


9.5 



IzX^X. 5Ta/5 I rMn/2Cu/ 4CoFe/ 
3Cu/2CoFe/10I r M n/5Ta^I?:M 
Lfc. IrMnliAr^XESmTorrtO. 2 nm 

SHfc*J4 9 . 1 %T\ I r M nTfti^l^Clt^ 
^«tcft»Sr«*3FLfc. £0)2: 5 fc* I rMn=5r 

tfcx*). ^n^mx^^mm^M^^^^ 

W6*lS 0 ifc. RhMn, RhRuMn, NiMn, 
FeMn, P t M n&ZTt>ffl&%1to9kimbtlfc. 
[032 1 ] WJl9)DC7^4oyXA°7? 
ti-jt, 5Ta/2 0 I r Mn/2Co F e/3Cu 
/4CoFe/2NiC r/5 ( N i C r ) 0/5Ta 
fl>Kfcft*!L*:. *»£5Ta/2 0 I rMn/ 

2CoFe/3Cu/4CoFe/7NiC r£Tj£J& 
Lfcfft, 9^;Ht*Wl*ffV^ NiCrlHnm 

itML^:, RBTEMfcJ: 0 . BKtN i 0 . e c r 
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o. 2 ItNi 0 . e Cro. 2 StcO^fflJi, 

sua ^-w^vx-^mtT* x\^z> z h tfmzzti 

tz. 

[0322] Zcr>mTteMR^{tmi9 . 5%£?r:U 

mmm nzt't vc<xismmmmtz&5- lstv ^mz 

Zb^Zhtlh. itz. N i o . 8 Cr 0 . 2 U£HBtt 

ff * (rnz-^sx'h *) , z z izmmttz t, ^two^wttt 
[03231 $ t» aMt*36*rai«tt*j ±1^7 x urn 

ttSrijrr*§£-£:LT\ 5Ta/20 I rMn/2CoF 
e/3Cu/4CoFe/2NiFe/3 (NiFe) 

S 4 



0/5Ta (StflC) fc, 5Ta/2 0 I rMn/2C 
oFe/3Cu/4CoFe/2NiFe/10 (Ni 
Fe)0/5Ta (*MD> fefWRUfc. MRSBft* 
14. Mf4CtlO%. 0. 3%k-t*».< t nA 

Ufc**. K«C<>>Bi*8»l»tftttt 1 0 O e 
X'fcitzcMZttL. P4DT'li3 0Oet^^^. 

o . m3m&&&&m*ft* z twv* , o»«&is 
•grc i 47'J -Jf«at»Wt^fl:*»W-r * - 1 

[0 3 24] <fdtW2 0-~2 3) *4(Cfl*Ut»* 

#J2 0—2 3&tXJt©WlA— DcOXtfW^yKc7)^« 

[0325] 
[152] 





IMS (nm) 




Ta5/NIg 0 Fe 20 10/ O* / C o g<) F e 1Q 3/C u3/C o gQ F e 1(J 2/] rMn7/Ta5 


20fcW21 


TaS/NigpFe^/O* / N i gQ F e^/C o 9(J F e l() 2/C u3/C o go F e 1Q 2/ 1 rMnLO/ Ta5 


mm22 


Ta5/Ni g0 F e ggfi/Og / Ni^Fe ^/Co^F e 1Q 2/C u3/C o gQ F 6 1Q 2/ 1 r Mn 10/ T a5 




Ta5/NiO10 C0 2 -tfepO/C o g5 F e 1() 2/C u3/C o^F e 1D 3/N 1 e 20 5/O* / Ta5 




Ta5/N i 8[J Fe 2O 10 /C o g() F e ig 3/C u3/C o gQ F e 1() 2/1 rMn7/TaS 




Ta5/N i^Fe^lO A> 2 -fWCo g pF e ig 3/C u 3/C o M F e 1Q 2/ 1 rMn7/Ta5 




T a 5/N i gj, F e 2D 6/ O 2 -f lot/N i ^ F e ^2/ C o g(J F e 1(J 2/ C u 3/ C o go F e lQ 2/ 1 r M n 10/ T a 5 




T a 5/N i g0 F e ^10 /Og -plasna/C o g(| Fe 1() 3/C ti 3/C o^F e 1Q 2/ 1 r Mn7/T a 5 



(S) O* O z -f lot — BBMJAJGSk 

Oj -plasoa X^«MB«, O z -depa-0* 

[0326] . ^SKtS i aSLht&STifcilfc L 
TH* 5 . OnmOT a IBIfefeJKTtfeJi k 
1/CRJ510. 0 nmcON i Fe-&&R£j£RUt. N 

1*] collate i -&^85cO»T5^/US: 



o 3 



[0327] #BRMMBifcJtL:fcltt»e*«R*irfc 

XPS*jJ:l^x«|g*rT , 4M»rtA:ti*. Fe 2 0 3 . F 
e 3 0 4 . NiOs&^irSBMkftSr-^tfJijWPJftSiiTVi 
fc, 4 it, ^B§, AFMtSit^BrBHTEMtCtO-ffffl 
Kfl^S^ft ti*. T^JMBilfc 2 . 0 n m 
-C&9, RatiO. 2 nm&TTfc'oJt. 
[0328] act. *a*a« UfcN i F e -^ABLbK: 
^103SKtt^i:LTlS^3. Onm^CoFe^ 

WJKttBi: LXWIB2. OnraWCoFe^M. 5» 
®tt)li:LT)KSl 0. Onm^IrMn^I, fti 
mtLXmm5. Onm»TaBlt«Hc»J«L. 



m 0b 
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N i F e ii&mt C o F e -&&&fc <n%m<r>tt?m 
^m^XPSX'm^t^^. ±|e<^FetNi«K 
■flSHJfiWfct. CoO$T±fifcJi-fc-r6Cogtfy3j-k-&2 

[0 3 29 3 lT'i4. Ni F e±5rl85fc0)j2 0 

fcfSI^^^^fiiSrJfiLfcf^ BS2 0nm«0N i 
Fe^ffi^N*'JTJli:L-C^LJt. Sy«Sfl?!l2 2(431 

MM2 1 kmmcm®foch&tf. NiFeiu/y 

Sffl^T^L-C^S. ^OT2 3t4K&aittlU:LT 

iO^EKL^. NiFe^AIHJitlMt^^U 
lc«fc 0 UlSfefiJ 2 0 fc H«co#8rc»aLfc. 

[03303 —Sr. *%fflt<r>imMAt LT. NiF 
[03 3 1 3 4^fc«DJbttWBfcLT. NiFe^i 

Rfc#rtbfcffc. *<o*ffifc:tt*fc2 0&a£UteT>i> 
GSitm^-R #M * #J* US . * «0» . ±f r2<D»&fe#J 2 0 



[03323 *«BBk<0lfcl(8flFlCi: LT. *S£0*2 1 t 

Haw>R««T' . mm ? juaaaaftb 9 tz . Maw 

[03333 *fMHk<OJt»WD t LT. N i F e£-£ 

[03343 JJELfc **l.«l<OSa(SWk Ztl^tWit 
?£J4. S&H&Kffli: 5 "MIL i OB$fg. 5 OH* 

is . i o o BMaw^fiwRjsi zwzmz wt&uz . 

[03353 
[*3] 



« 5 









0 

(u-depo. } 


1 


5 


10 


50 


100 




7. 79 


7. 6 


7. 5 


7. 5 


7. 5 


7. 5 


MMI21 


7. 7 7 


7. 5 


7. 5 


7. 4 


7. 4 


7. 4 


£MU2 


7. 7 4 


7. 4 


7. 4 


7. 4 


7. 3 


7. 3 




7. 8 1 


7. 6 


7- 5 


7. 5 


7. 5 


7. 4 


itimA 


6. 5 


5. 1 


5. 0 


5. 0 


4. 9 


4. 8 




7. 54 


7. 2 


7. 1 


6. 8 


6. 0 


5. 5 




7. 64 


7, 5 


7. 3 


7. 0 


6. 2 


5. 5 




6. 8 


5. 1 


5. 0 


4. 8 


4. 5 


4. 0 



LTVvSr^JttSffllTli. «iniSW>MRS5fc«46. 5 

% t & # T & & a< . i tffi&mmmzte m r^p*^ 

14. NiFefcCoFefc OUWKSH 1 OSfc&fJt£fi6it 
[0 3 36 3 4fc. JtK0dB. C-C14. ^ISlSaOMR 

t JKaas* jd* its on$[ti$r Si. a & 9 a»6 m r^ 



itLii#b&fzthX'&&ti&tt>tLZ>. NiF 
e *BCfe»t*8t*^<0-»^flS t iR«T«4'5r < . ft 

t 0 3 3 7 3 § £>fc. JfcttWD"CI4. N i F e t C o F 
L. *IB»»iSr»J«Lfc. Mlf^MR 



m m 
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X-?%i*tZ-&£tl&-4 *X7)Wmtz£& N i F 

mnmznmutzi*) . coFejfcoEtina { <B;TLTv-> 

4>*U>. NiFetCoF 
e JgtfOftffctJ ** 3 O e fc . $K®tfl^^*'{t;a*ie& T V ^ 

[0 3 38]—*. NiFetCoFe<7)flIi7^ 

RSEftflstt^ffcLfca^fc. ;fU4. ig^i^UtJ: 

RiWiWifcWfftttl: Wttffifc* UfcMR«TTft & 

[0339] (HlMfg 2 4 ) mz. ±15 fc H8HcWT<0 

D C -r^* h a >xj * -v fmizi 0 . t-f&BTF 
i&HMk LXffl$-5 . 0nm»TaI&»|fi». «ttA* 
TiftJf kLTJiWl 0. 0 n m<9N i F e-^HSrfifcM 

[03403 ±iEN i F e -£:&&S:fl2f£ Lfc&fc: „ 7 i- 7 

*/Wfia*fcaKaiat«*LTaKiLfc«, n i f e-g- 
as-rfciwc* 2 o t infiHcr ?x-?w.t tt^ 

L^aJWHSHtffofc. 4fc. 5^;l^dt««k* 

£>2 0 c mcomffi.Z-'S-Z-tz* 
[034 1 3 ?2S*rts9m*m>t:]BBt<?>N iFe^ 

me 





0 


1 


5 


B$tT3 (as-depo. ) 








mmm2 4 


7.0 


7.2 


7.2 


HOME 


7.0 


5.5 


5.0 




4.1 


5.6 


5.1 



[03473 ifclftMF-CU. NiFeiCo Fe^SI 



FeN, Fe3N, N i Nfc-fctrtKtt**V"H*#K 
ttON i fcitXF e<7>mimfrt?Bf&.2tlT^fZ. £ 
fc. ■€-«OietAFMi5«tt^BfSTEMl:J: , 3JfiiJtR6il:1K 
^RWJfWJBB* t - % , T^JiWiW 1 . 5 n 

[0 34 2 3 iW::. ^WSr^y^/m&aLfcN i Fe-£- 
AKJb«Bl^)5i«tt*fcLT«ff3. OnmtfJCoF 
e-££BL ^NKtt+BWIkLTllW3. OnmcOCu 
R. 3S2cD8aiSJikt.TRJP2. Onm?)CoFe^ 
M. R3$5BttlB£J: 0. 0 nmOI rMn^i 

R. ftRRfcLTRff 5. Onm»TaKIt«» 
L» .xtv^TmftWU:. JJK<0*RI8 
jW&Tf&C , NiFe -^Rfc C o F e S&J&t co^-ffi 
«)fl££ttg:KJB£ x P S TP^fe tZ^>. ±3gp) Feb 

[0 343] :*M#Jfcc0itt5H?flEfc UT. NiFe^ 

LTg^SI5:fto7t. ±IB0>%Jt0l 2 4 T 

^SftS t cot IWWHSrx tr wou-rfcfl* Ufc . 
9 ^/Waitat: A F Mic J; 9 ^F^ffifflS £W<fz 

[0 344] **flfctf>Jtt&WFfc LT. NiFe^ 
RSrJBftLfca. *coS<Bi$: N 277X7 

aj . r5 x-7 saaaatc a f m t «t o . sKUtRSiha 

^KWBcOTl^RBBaS i*. *53 . 5 n 

[03453 -?-<7)a. ZtlZtKDZ. tyAA7Tfit-?^ 

[03463 

MRSWW (%) 

10 5 0 10 0 



7.2 


7.2 


7.2 


4.8 


4.5 


4.0 


4.7 


4.5 


4.2 



S ^ XVffimz «t 2> N i F e (Df%Sffll ? Wlfflink: 
i 0 . C o F e AfcoBGl J&HftT L t ^ 4 k 6 
iXl>„ iCOikti, Ni FekCoFeJfO<R^* J 
4. 50ek*&<. «MWW«!fe<«l&<b& t i8*-CV^4i 




<8 

[0 3483 — 3u NiFeiCoFe<WI5:N27 

sic *«Bafci3Jt*iB!c&ifetJ:*)waLfc«*. n 

[03493 (&KH2 5 ) JJHWky U aviSttUlK:. 
7/^fDy-XA- 7 ^StJ;o-C. Ta5/NiFe 
2/1 rMn7/CoFe 1/CoFeOl/Co Fe 
2/Cu2/CoFe2/Cul/CuTaO!/Ta 
2£ffr£L£. RftJfti?£"'£'l'!ffitt« ifcli»7n 

Rl 7 36W*fc;h.fc. 

[0 3 50 3 OB»«2 6) JMSBMt^'Ja^afiKJbfc. 
7^4Dy-^^7^CioT. Ta5/Rul. 
5/Cul/CoFe01/Cul/CoFe2/Cu 
2/C oF e 2/CoFe 1 . 5/IrMn7/Ta5 

tfwifc. iMbJUi^y^/mwrc^ufc. mri 

hzi.h mZEBWOSfflwU > h<0g£ffc;£l!l5SL 

fcJJK 7 U -JK=36*3&»4«OWHi 2 0 e /m A&TiC 

[0 3 5 1 3 (Hifi^l2 7 ) T/Uf--y7S*£±C 
^hny^^'y^Sfcint. Ta3/Rul. 5/ 
Cul/CoFeOl/Cu 1/N i Fe 2/C o 1/ 
Cu 2/C o 2/CoO 1/Co 1/Ru 0. 9/C o 
Cr3/PtMnl 0/Ta5l:MU;. BMfcJl<±7 

[0 3 523 (gttM 2 8 ) nvf- v9W6i±^ 
^hoy • ^ 7 ^:±otTa3/Ru 2/PtM 
nlO/CoFeCr2. 5/Ru0. 9/CoFel 
/CoFe0 1/CoFe2/Cu2/CoFe 1/N 

iFe2/Cu0. 5/C o Ta O 1 /T a 2 Srffr&L 



: * 
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[0 3 53] (H«fi^J2 9) SRBMt^UnV'^aSJbfc. 
7^4ny - X^7^ai:±otTa5/N i Fe 2 
/FeMnl 0/CoFe 1/N i 05/CoFe 2/ 
Cu2/CoF e 2/Cu 1/CuTaOl /Ta2* 

«Ufc. MR18%^n?t 0 Jfc800 OeO$ 

[0 3 54] (HMW3 0) «9»fl:^>JnvaS«iLbfc:. 
7^4ny • X^y^aici^T. Ta5/N i Fe 
2/P eMn 1 0/C oF e 1/A 1 2 0 3 1/CoF 
e 2/Cu2/CoFe2/Cu 1/CuTaOl/T 
a2*MLfc. Al 2 0 3 i±A\(7y^^jU9miZi: 
otMt^o MR18%«^o 43t8 0 0 O 

[0355] <^lSfc#J3 1 ) JKfflMt^U3V«aLbK. 
T^bay • */t<y Affile J: oT. Ta5/Ru 1 . 
5/Cul/Al 2 O s l/Cul/CoFe2/Cu 
2/CoFe2/Fe 2 0 3 3/CoFeCrl/Pt 
MnlO/TaSSMLft* Al 2 O s . Fe 2 0 3 
{iZtl^tlA 1 , FeCO^y^HaatAo-CJBjSiL 

Tt. MR18%^IW: 0 ^3t8 0 0 Oe<?5$6Sr 
[0356] mttz* *¥&Jl<nmsaSEt&mfl& SrBlv* 

[ 0 3 5 7 ] 135 514. -3 55:K«ia»»B^«» 

5 111 xtvK/H 5 2fc**3ii* EB*LSrt>IBtt 

rnmcoimnttzfTo^v H*9>r 53*4. sum 

[0 3 58] i^f^;i 5 l«tl)t, ^-/F 
*5-f^l 5 3£0«IMM (ABS) ««»r4*? 
1 5 icoaffi3&^0rffio»±»Srt>^T«»Sii*. 
[0 3 59] tX^yy 3 yi 5 414. 0^L5rt4B» 

7-A1 5 5^fl6JSfc{±. U-T^-^^"ST"$>5^ 

-fx^^/R^ i 5 eawt^ti/o^. ^X3>f 

;HE-^ 15 614, T^f^x-^r-Al 5 5c0^h' 



m • 
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[0 3 6 0] 7?faI-?7-Al 5 5it, ESWl 

yfltZX^XUftZtl, W^3>f;«-^1 5 6tCj; 

0 SfEJi!!)** g«KT'& & J: o KSt-jT V">4 . 

[036 13 *WlHfc:.k*iJf * «B«L3t«*tt3B«t*» 

4 z t k J: o . mm&mx'§mm£Mm<wtox&?ii 

[0362]**:. ^SffiHfciWi'. *££i?±aj7Jft 

T'£4. 4fc. T-t^yjiJO^EPjD^ixa&ESD 
(electro-static discharge : ffifSSO tC*t$~4Btttt> 

[0363] JiLh£OS&**^ . «h77 n 
[0364] 

[%ajc7)^] JjLh»i!BLfcJBJBTWtS 
[0365] i-f , a(cJKHt=iiltf , &S«fi!a#)S!il& 

A, f»£Sgtt£;Mg£ffi±£tf4£k«^fgk&9. ft 
ffl«*ffi»ttfc»fr4£i:#T*4. Uric. E^ffi^Sft 

1 0 3 6 6 ] 4fc. **9W= ifiHT. Hifcfw* 
[0 3 673 4*:. *JHJW=J:fttf. JMBtfWCttM 

arcs 4H5t;fri££i£«-r 4 i k 4 . 

[01 ] *«^«WWHtSBr^ ^o«*flBt*« 

[02 ] Ai£J^(M«^T3vviB^offiflgll^«iA 
JSSttIO* KW 4 ftftOHT* & . 

[El 3 ] i&&ffcMfflwmtfmfrxm^&comnm<om 
[04 ] ffisi^ji^s^^^Jts^a^ssiJisiwoK 

JSk M R^-fk* k CO fflfa £ jS-fHT* 4 . 
[H5] *»Wfc8tt4#ffl97*;**RW-42fc*>*> 



0-CJ>4. 

[06] ^WWOMtWiftit/itlKMiCiix^ 

; ^7*l£<757*— -;W* ISli: M R^-ft:3£ k coraf££*f 0 
X'foh. 

[07] *mi<?)9mm2i5£VimM2lzJ:&Xf> 
T"£>4. 

f wnVU7"|S<0T— — /w^fa t M R^ffc* k coKHSS:* 

-rear* 4 . 

i:j:&xt;y^ ■v^tis*?)?*— -;m$B k m R$zim k 
SgG&£^-f0-e*>4. 

[011] *«W^*W4fc±**KW<^rR<'>R 
[012] *^coHSfi0!l lOfciixew UoflRfJ 

[013] tmM6lz£&At'>J</l-7m<r>R-H>\s- 

y&7r?rmxfoh. 

[014] *$m<omm ncis^tw ^yjg?) 

[015] ibt^vtil.^.trw^yBScottlrffiTEM 
[016] 4:9HS^tJfeR 1 lfc±t>'it^Wci^xb- 

[017] #fSBj§<o^ifc0H i 2 K: £ 4 A t >v ^T^O 
[018] JrtttCTStCi&Xtr^N'^y^ttfrSTEM 

[019] #f6HJ§<oHS60!l 1 2coxb'v J '^yKtfc{t 

[020] *%yiaxit0ii 2m:*^twc;i^yiR(© 

±^fi£7CS<07CS7°O 7 T -i )V*5k$mX'h & . 

[021] 3}s^Bj£0*ifiC?II 1 2 J; ■£> x t w n';U7'^co 
±^r«^7ca?<^7C3g7" n 7 r •< ;U Srijcf 0-C* S . 

[02 2] Jt«0l8^iSxtw^7*)KtfO±^:fllfiS5c 
^«07C*7* o 7 r W ^^-f 0T'*> I) . 

[02 3] Jt«W8K:J:4^ew^7*ffllO±«r*jft7C 
ScOTC^r a 7 r ^ ^ 0"C2f> 4 . 

[02 4] mWS^<OifiMI«(OttJbft£^%^(^ 

[02 5] *JSWKJ: 4«S0aiia»Jiat^O»rIBfllSBS 
[02 6] *»BHt:J: 4 K5i.ffifit^m^^)Wffili3t ?r 
[02 7] afcSMBCJ: iadMttfiBlMae^^llilHflBftS: 
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[H3 o i *miiz£&wMmm&m?comffimm£ 

[03 2] *5WBtJ:^^ffiliK&m^co|STffi»3tS: 
[033] ^^Bflti^JSMffiJiS&S^OBfS^Jtt: 
[03 4] *WUHCJ: &&Sty£tn»^<7>»r®fif3t£ 

[03 6] *«RB(CJ: &fiS^^m^O»fffifll5t5r 
[03 7] #WUJfc:J: &m^Ja*i^*« J P(0BTM«jtS: 
[038] *«SB(c J: &tt^ffi^£-?e>BfBifll&£ 

[039] *s6bbkj: &m%mfflwm^<mwmm* 

[04 0 ] J: 6fi^ffiiit^*«^M«j££ 

[04 i ] *wmz£&mmmm$km*cr)wmmmz 
m-fwutrnx-bz. 

[04 2 ] *j6wtcj: zwrnmrnwrn^wmwrn* 

[04 3 ] *»Bfc:J: Sffi^ffiS^»3£T<7>ISMBit£ 
[04 4 ] *W5ifc:J: SffiS*JSf5t5»»«^ISTa»S3£Sr 

m-tmi&mx'bz. 

[04 6 ] *J6fflK:J: OKSTS SOStSSBft**^ 
[04 7 ] fcSHHfciJ: 9SilT*£ SiSMSiffllff^) 

mmmmzmmimx'hh . 

[04 8 ] *«gHcJ: OWfC* saaafiBBr**^ 

[04 9 ] *«Djt=j: owrc* *««issB»**^*) 

[05 0] ^HBJCiJV^Tfflv^iifctfTSilKHai 

[05 i] &wjnz&^xm^hzktfxz h$mmw 



[05 2] 5> f */l'*«e»f*J|S2tf5WB«*13 2S 

[05 3] WsMl 3 5B£fiS*.£ii£j£S£*-f1« 
;&0T'£>&. 

[05 4] Xmmi 3 5C 

[055] asuB«^a0!>n>mtt&0i^r&savM« 

11 mi <wsmm 

12 ^tt^Jl 

13 mwmm 

14 

1 5 £STtW 

16 vf-E&tm 

17 MA'JTl 

19 &mm 

1 1 1 &mri&m 

1 1 2 tti«%ih«?£jMf 

113 mi <m!&m 

1 1 6 i&m*wm 

117 %20afl£JI 

1 1 8 R3£BftfeJI 

119 

13 1 as 1 <0iBB*S 

132 12«)£I 

1 3 3 Mm 

13 5A =7iSj})V$L&M 

1 3 5 B :T/ 

1 3 5 C ftM 

13 6A 7 : J*>JV&8t%. 

1 3 6 B ^VXHt^ 

1 3 6 C 

13 7A ^i^/H^g 

138 jviuvsmn 

1 3 9 S^-r-T'^ 

14 0 

1 4 1 jr^tfVT 

14 2 A/i^y 

i 5 o sgmieu&is 

151 &5vr^*? 

152 XWY)V 

153 V/R7^f^ 

15 4 PMtto-rx^y^a y 

155 

156 ^X3>fM-? 
1 5 7 fflgM 
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<72)»g» » * C * 

#3?Ji|»Ji|^m#K*8JMHT72#fl& 8e^£ 

mmm^ ft ts & % 

(72) W®* * ill » # 

»*M»Jl|*tj*KWMBir72*lft 

<72>»Di# 5? ffl w TO 

«^Jl|JiJl|^rfj#Kffi5il|Hr72#«!! 



(72>W#S fi§ * it 

^JI|»JI|W£E*gJI|HJ72#«< «3CA 

tfc*2JH*W«iHfrt 
(72)»!8* * 35 B J 

W^JHlRJll^TlT^K«Jl|HI72#lft 

(72)fHH# « # 3S S 

tt«Jl|»Jl|*«m*E»l|HI72»* «5fc£ 

<72)2fcTO# g $ * 

W^JH«JI|^rtJ^K«JI|IHn2Sfl!l tt^* 

*«G2Jil<i5*Jif!iri*i 

F? — -M##) 5D034 BA05 BA21 CA04 

5E049 AA01 AA04 AA07 AA09 ACOO 
AC05 BA12 BA16 DB02 DB04 
DB12 



